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ABSTRACT
A phytochemical investigation of ten species of the genus Aster 
(Family Asteraceae, Tribe Astereae) was carried out. The study 
involved the following taxa from the southern region of the United 
States: A. adnatus, A,, concolor, A. dumosus x la te r if lo ru s  (a hybrid), 
A. la te r if lo ru s , A. patens, A. praealtus, A. spinosus, A. subulatus 
var. ligu latus and A. ten u ifo liu s  as well as A. umbellatus from 
Pennsylvania.
The chemical analysis of A. praealtus provided umbelliferone and
seven prenylated coumarins of which four were new natural products. A
ten-carbon acetylenic compound was isolated from A. spinosus. t?-
Sterols were found in A. adnatus which is of significance because
generally A5-sterols are the major structural type within the
Asteraceae. The other species of Aster lacked coumarins. The
structures of the compounds were established by spectroscopic methods,
which included MS, IR, UV, single crystal X-ray d iffra c tio n  analysis
1 13and extensive use of AH NMR and C NMR spectroscopy.
Analysis of A. praealtus, A. la te r if lo ru s  and A. subulatus var. 
ligu latus fo r v o la tile  constituents by GC-MS resulted in monoterpenes 
and sesquiterpenes.
Gundlachia corymbosa, of the tr ib e  Astereae from the Bahamas, 
resulted in the iso la tion  of diterpenoids and methoxylated flavonoids, 
the structures of which were determined by spectral methods.
Capillary gas-liquid  chromatography (GLC) and mass spectral 
studies were performed on several common skeletal types of
sesquiterpene lactones. C apillary GLC proved to be an e ffe c tive
xx i
method fo r the separation of sesquiterpene lactones. Chemical 
ionization spectrometry was found to be a useful method for the 
determination of molecular weight, than the commonly used 
d eriva tiza tio n  method of functional groups. Chemical ion ization  
studies using NH3  and ND3  as reagent gases provided re lia b le  molecular 
weights and the number of exchangeable hydrogen. The use of methane 
as reagent gas gave molecular weights and fragmentation patterns 
useful fo r structural studies.
CHAPTER 1
PHYTOCHEMICAL STUDY OF ASTER SPECIES
1
1.1 .1  Introduction
The family Compositae (Asteraceae), which is one of the largest 
fam ilies of flowering plants, is divided into two subfamilies and 
th irteen  tr ib e s . 1 * 2  More than 1000 genera and 22,000 species
O
constitute the th irteen  tr ib e s .
T ra d itio n a lly , the tr ib e  Astereae of the Compositae fam ily is 
divided into six subtribes. Aster is a large genus, containing 
several hundred species, belonging to the subtribe Asterinae of the 
Astereae tr ib e .^  Its  species are found worldwide but mainly in the 
temperate regions of the northern hemisphere. Morphologically, most 
species are herbs and shrubs. They are largely perennial and to a 
lesser extent annual.
Aster is  a complex genus with respect to plant systematics due to 
i ts  variable nature and its  tendency towards in te rsp ec ific  
hybridization and polyploidy. The genus has been divided fu rther into  
ten subgenera. The systematics of North American species of Aster 
have been recently studied by Jones and co-workers.^*®*^
The c lass ifica tio n  of plants and the study of phylogenetic 
relationships are synthetized from data of various research areas.
Morphology, cytology, ecology, electron microscopy and
chemosystematics are a few research areas from which taxonomic data 
can be derived. Chemosystematics, a re la tiv e ly  new f ie ld ,  employs 
chemical data towards the understanding of plant systematics, 
generally at the generic and subgeneric le ve ls .
Primary metabolites such as sugars and amino acids are essential
to the l i f e  processes and are found in a ll liv in g  organisms. However,
secondary metabolites such as terpenoids, alkaloids and phenolics are 
considered nonessential and are restric ted  to  certain plant taxa.
Since the secondary metabolites in plants and microorganisms are 
formed under specific  genetically  controlled conditions, they can be 
used as biochemical systematic markers. Terpenoids, phenolics and 
alkaloids are the major classes of compounds which are commonly used 
as taxonomic markers at the micromolecular le v e l.
Thus fa r ,  only a small number of species of Aster have been 
investigated chemically. Further phytochemical investigations of 
additional species are essential in order to understand the taxonomic 
relationships within Aster and u ltim ately lead to an understanding of 
the phylogenetic relationships among the tribes of the Compositae.
A large number of the species of Aster, investigated to date, 
contain polyacetylenes; c is - lachnophyllum ester ( 1 ) and ( 2 ) are the 
most common constituents. Polyacetylenes have been isolated from 
f ifty -o n e  species of Aster, and the m ajority of the work has been
O Q
carried out by Bohlmann and co-workers.
Hemiterpenes (C5 ) monoterpenes (C jg ), sesquiterpenes ( C ^ ) ,  
diterpenes (C2 q )i sesterterpenes (C2 5 ) and triterpenes (C30) 
constitute the large class of compounds referred to as terpenoids.
The monoterpene 3 has been isolated from Aster bakeranus.^  ̂
Sesquiterpene hydrocarbons and lactones have been reported in Aster 
umbel!atus and Aster e x i l i s . **  Diterpenes and diterpene glycosides 
have been isolated from Aster bakeranus^^, Aster spathufo lius^  and 
Aster a lp inus .^  Squalene and triterpenes were found in Aster 
baccharoides14, Aster scaber*5 , Aster sikkimensis*^, Aster ta ta r ic u s ^
and Aster bakeranus. 1 0
Several types of phenolics and related compounds are represented
in Aster. Bohlmann and co-workers have isolated coumarins from
1ftseveral species of Aster. Acetoxytremotone, a benzofuran, was found
in Aster e x i l is . * 1 Hydroxycinnamic acids have been isolated from
1Q 90Aster salignusXJ and a flavone from Aster a lta icu s .
HjC— CH2— CH2— (C=C)2— CH = C H — C02CH3
z
1
HjC— CH2— CH— C S C — C SC — CH=CH— C 02CH3
I
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The following sections of Chapter 1 represent a phytochemical 
investigation of several North American species of Aster since 
additional phytochemical investigations are needed in order to address 
the taxonomic problems within th is  complex genus.
The chemical analysis of Aster praealtus Poir from Baton Rouge, 
Louisiana resulted in the iso lation  and structure determination of 
umbelliferone and seven prenylated coumarins. The structures of these 
compounds are shown in Figure 1-1. The coumarins 4 , 5, 7 and 11 
represent new compounds; th e ir  structure elucidations are discussed 
below.
1 .1 .2  The Iso lation  and Structural Determination of Coumarins from 
Aster praealtus
Aster praealtus was collected in November of 1983 in Baton Rouge, 
Louisiana. Dried, ground aeria l parts (400.0 g) were extracted with 
dichloromethane and worked up fu rther as described in the experimental 
section (see Experimental 1.6) to provide 3.6 g of crude syrup. A 200 
MHz *H NMR spectrum of the crude syrup is  shown in Figure 1-2. I t  
exhibits signals that are diagnostic of ethers of 7-hydroxycoumarin. 
The pair of doublets (J f9 .5  Hz) in the regions of 5 6 .3  and 7.6 are 
typical of a coumarin, unsubstituted in the lactone ring . These 
signals arise from the C-3 and C-4 protons, respectively. The protons 
for the benzene ring of the coumarin are observed as a doublet at 
about 6  7.4 for H-5, and H- 6  and H- 8  appear as a m u ltip le t at about 6 
6 .9 . Furthermore, signal? corresponding to methyl protons ( 6 0 .8  to  
2 .4 ) ,  o le fin ic  protons ( 6  5.0 to  5 .8 ) ,  and protons attached to carbons 
bearing oxygens ( 6  2.8 to  4 .8 ) are observed.
The iso lation  and separation of the coumarin derivatives were 
achieved by several chromatographic methods. Typ ica lly , the syrup was 
chromatographed over s ilic a  gel by column chromatography, and the 
fractions were monitored by TLC and *H NMR spectroscopy. Fractions of
Figure 1-1. Coumarins isolated from Aster praealtus
Figure 1-2
s.o
V : - .
H
. 200 MHz NMR spectrum o f  th e  crude syrup o f  A ster  p r a ea ltu s  in  CDCI3
at ambient tem perature.
J
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importance were fu rther chromatographed by column chromatography 
and/or preparative th in -la y e r chromatography (prep. TLC) on s ilic a  
g e l.
Spectroscopic techniques were employed fo r the structural 
determination of the isolated compounds. Data were collected and 
analyzed using MS, FT-IR , UV and FT-NMR (*H and ^ C ) experiments. 3
Structure Elucidation of Umbelliferone
Umbelliferone (9 ) ,  CgHgOg, a s o lid , displayed signals in its  
NMR spectrum (Table 1-1) typical of a coumarin oxygenated at C-7. 
Double irra d ia tio n  of the doublet at 6  6.16 collapsed the doublet at 6 
7.86 to a s in g le t. S im ila r ly , saturation of the doublet at 6  7.86 
collapsed the doublet at 6  6.16 to a s in g le t. The pair of doublets 
(J[f9.5 Hz) at 6  6.16 (H-3) and 6  7.86 (H-4) correspond to the protons 
of the pyrone ring . Irrad ia tio n  of the doublet a t 6 7.50 caused the 
doublet of doublets at 6  6.85 to collapse to a doublet. S im ila r ly , 
saturation of the doublet of doublets at 6 6.85 collapsed the doublet 
at 6  7.50 to a s inglet and the doublet at 6 6.76 to a s in g le t. 
Irrad ia tio n  of the doublet at 6  6.76 collapsed the doublet of doublets 
at 6  6.85 to a doublet.
Structure 9 proposed fo r the coumarin was fu rther supported by 
IR , UV and MS data. A broad absorption band in the IR spectrum at 
3283 cm" 1 indicated the presence of a hydroxy group. Absorptions at 
1737 and 1719 cm" 1 supported an unsaturated 6 -lac tone. The appearance
aThe spectra for a ll of the compounds discussed below are found a fte r  
the experimental section to prevent in terruption of the flow of the 
discussion.
Table 1 -1 .  200 MHz NMR sp e c tr a l  data*  o f  u m b e ll i fero n e  (9 )  in
a ce to n e-d g  a t  ambient tem perature.
Assignment 6 , m u ltip lic ity
H-3 6.16 d (9 .5 )
H-4 7.86 d (9 .5 )
H-5 7.50 d (8 .5 )
H- 6 6.85 dd (8 .5 , 2.0)
H- 8 6.76 d (2 .0 )
♦Chemical sh ifts  are given in parts per m illion  (ppm) re la tiv e  to  
Me^Si (TMS). Coupling constants (J_) or lin e  separations in hertz 
(Hz) are given in parentheses.
Table 1-2. Mass spectral data* of umbelliferone (9 ) .
Fragment m/z_ % Relative abundance






*S p litless  in je c tio n ; in jec tio n  port temperature 275°C; 30m x 0.25mm 
i . d . ,  0.2u film  thickness, 0V-1 bonded phase; 100°C-lm in., 10°C/min., 
300°C-4min.; RT=9.25 min. (9.17 min. fo r standard) m/z_ 35 to 440; scan 
cycle time of 1 . 0  sec.
of two bands rather than one can be attribu ted  to Fermi resonance. 2 1  
Furthermore, the bands at 1682, 1609, 1568 and 1510 cm"* are 
ind icative  of C=C stretch fo r the coumarin skeleton. The UV spectrum 
exhibited bands at 216 (sh ), 244, 255, 294 (sh) and 324 nm (log e = 
3 .8 7 ), which corresponded to absorptions characteris tic  of the benzene 
ring and the coumarin skeleton . 2 2  Scheme 1-1 and Table 1-2 show the 
mass spectral fragmentation patterns fo r the coumarin. The 
fragmentation pathway in i t ia l l y  involves the loss of CO from the 
pyrone ring with subsequent losses of CO or CHO from the remaining 
skeleton.
The 13C NMR data for 9 are presented in Table 1-3. The
1 1 ^assignments were based on the results of the two-dimensional AH to A C
correlation NMR experiment for marmin (discussion below) and are in
OO
agreement with the results found in the l ite ra tu re . Compound 9 is a 
known coumarin named um belliferone. The UV, *H NMR, 13c WR and MS 
data of the natural coumarin 9 were compared with a standard of 
umbelliferone (Sigma Chemical Co.) and shown to be id e n tic a l.
Structure Elucidation of Marmin (10)
Marmin (10 ), C j g ^ ^ ,  a colorless c rys ta llin e  compound, mp 
121.5°, exhibited peaks in its  1H NMR spectrum typical of a C-7-
oxygenated coumarin [three one proton doublets at 6 6.25 (H -3 ), 7.64
(H-4) and 7.36 (H-5) and a two-proton m ultip le t at 6  6.85 (H- 6  and 
H-8 ) ] .  The IR spectrum also displayed bands characteris tic  of a 
coumarin: 1732, 1709 (sh) (carbonyl stretch fo r unsaturated 6 -lactone) 
and 1613, 1555, 1507 cm" 1  (coumarin C=C s tre tc h ). In addition the IR 
spectrum indicated the presence of hydroxyl groups by broad absorption
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bands at 3483 and 3370 cm"*. The basic skeleton of a C-7 ether 
derivative  of umbelliferone was also indicated by the UV spectrum 
showing absorption bands at 219 (sh ), 253, 294 (sh) and 322 nm (log e 
= 4.16) and from mass spectral evidence (Scheme 1 -2 ). Detailed *H NMR 
spin decoupling experiments and a (*H , *H) C0SY.L45 experiment with N- 
type selection (Figure 1-3) allowed the structural assignments which 
are summarized in Table 1-4.
Upon irra d ia tio n  of the two-proton broadened doublet (JN>.5 Hz) 
at 6  4.61 ( H - l1) ,  the broadened doublet of doublets (Jj=6.5,1.0 Hz) at 
6  5.53 collapsed to a broadened s in g le t. In add ition , the COSY 
spectrum showed an a l ly l ic  coupling to the broadened methyl s inglet at 
6  1 .78. Assignment of the doublet at 6  4.61 (H -1‘ ) was based on 
chemical s h ift  considerations and its  coupling pattern . Saturation of 
the broadened doublet of doublets at 6 5.53 affected the multi p iet at 
6  2.28 (H -4*) and collapsed H -l' to a broadened s in g le t, and the 
broadened three-proton singlet at 6  1.78 (H-101) sharpened and 
increased in in te n s ity . The chemical sh ifts  of 6  5.53 and 1.78 were 
ind icative  of an o le fin ic  proton and a methyl group on a double bond, 
respectively. The COSY spectrum supported the *H NMR data and showed 
the coupling of the o le fin ic  proton, H -2 ', with H - l 1 and the methyl 
group (H -10 ') on the double bond. S im ila rly , H-10' was a l ly l ic a l ly  
coupled to H -2 '. The m ultip le t at 6 1.55 (H -5 ')  was affected , and a
aThe COSY experiment, a two-dimensional NMR experiment, stands fo r 
correlated spin-echo s p e c t r o s c o p y . eXper -jment  determines 
the connectivity of nuclei by spin-spin coupling and uses a 45° pulse 
angle. The spectrum shown in Figure 1-3 is a homonuclear ( H /H )  
COSY-45 experiment with N-type selection . The normal spectrum is  
along the diagonal and the symmetrically oriented, off-diagonal peaks 
represent the lines which have energy levels in common.
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sharpening of H-2' resulted upon irrad ia tio n  of the two-proton 
m ultip le t at 6 2.28 (H -4‘ ) .  In addition , saturation of the two-proton 
m ultip le t at 6  1.55 (H -5' )  affected the m ultip let at 6  2.28 and col­
lapsed the doublet of doublets at 6  3.36 to a s in g le t. The m ultip let 
at 6  2.28 was assigned to H-4‘ in accord with a methylene group 
adjacent to an o le fin ic  bond. Saturation of the doublet of doublets 
at 6 3.36 affected the m u ltip le t at 6  1.55 (H -51) .  The molecular 
weight (MW 332) of th is  coumarin was determined by chemical ionization  
and electron impact mass spectral studies. The IR spectrum showed the 
presence of two hydroxyl groups and the two, three-proton singlets at 
6 1.22 and 1.17 were ind icative  of two methyl groups attached to 
carbons bearing a hydroxyl group. The assignment was fu rther 
corroborated by two bands of equal in tensity  in the IR at 1404 and
1352 cm"A that correspond to the C-H bending vibration fo r ĈMeg and a
*1 v  
band at 1200 cm- 1  fo r C-C bending vibration of ^CMe£. In add ition , a
m/z_ 59 (29.4%) corresponded to Me2 C=$H, indicating that the two methyl
groups had to be at the same carbon. The second hydroxyl group was
assigned to C-6 ' ,  generating a chiral center, which is in agreement
with the doublet of doublets and chemical s h ift  ( 6  3.36) fo r H-6 ‘ .
Structure 10 was proposed fo r the coumarin and a lite ra tu re  search
revealed that 10 was a known compound called marmin. I t  had been
97previously isolated by Chatterjee and co-workers. The above 
spectral data are in fu ll  agreement with those reported in the 
l i te r a tu r e .2  ̂ The mass spectral fragmentation patterns for marmin are 
presented in Schemes 1-2 and 1-3. I t  should be noted that Chatterjee  
and co-workers demonstrated, by labeling experiments, that the in i t ia l  
loss of water from 1 0  proceeds via an epoxide formation.
Table 1-4. 1H MIR spectral data* of marmin (10) and (i? )-(+ )-  
epoxyaurapten ( 6 ) at 200 MHz in CffCl3  at ambient 
temperature.
Assignment 10 6
H-3 6.25 d (9 .5 ) 6.24 d (9 .5 )
H-4 7.64 d (9 .5 ) 7.63 d (9 .5 )
H-5 7.36 d ( 8 . 8 ) 7.37 d (8 .3 )
H- 6  & H- 8 6.85 m 6.84 m
H -l' 4.61 br d (6 .5 ) 4.61 br d ( 6 . 6 , 1 . 0 )
H-2' 5.53 br dd (6 .5 , 1.0) 5.52 br dd ( 6 . 6 , 1 . 2 )
H-4' 2.28 m 2.31 br dd (14 .0 , 7.0)
2.17 br dd (14 .0 , 7 .0)
H-5' 1.55 m 1.69 m
H-6 ' 3.36 dd ( 1 0 . 0 , 1 0 . 0 ) 2.72 m (6 .4 )
H-8 ' 1 . 2 2 s 1.30 s
H-9' 1.17 s 1.27 s
H-10' 1.78 br s (2 .4 ) 1.79 br s (1 .7 )
♦Chemical sh ifts  are given in ppm re la tiv e  to Me^Si.
M u lt ip lic it ie s  are designated as: b r, broad; d, doublet; m, m ultip le tt
whose center is  given; s , s ing le t; t ,  t r ip le t .  Coupling constants (JJ 
or lin e  separations in Hz were determined from ^-resolved spectroscopy 
and are given in parentheses.




Electron impact mass spectrometry data






89 [B ']+ 13.4
59 [A ']+ 29.4
CH4  (0 .3  Torr)
Chemical ionization mass spectrometry data
reagent gas m/z fragment % re la tiv e  abundance




373 [M+C3 H5]+ 1.0
361 [M+C2 H5]+ 2.8
333 [M+H]+ 4.5
315 [M+H-H2 0 ]+ 9.8
297 [M+H-2H2 0 ]+ 16.5
163 [CH+H]+ 31.3
153 CC'-H2 0 ]+ 100.0
135 [CH-CU+H]+ 14.7
The 13C fWR spectral data fo r 10 have not been previously 
reported and are therefore summarized in Table 1-5. The peak 
m u ltip lic it ie s  and assignments were ascertained from broadband 
decoupled, off-resonance decoupled and DEPTa experiments (Figure 
1 -4 ). The 13C NMR data of marmin were fu rther corroborated by a two- 
dimensional proton-to-carbon correlation  experiment (Figure 1 -5 ).
Figure 1-5 is a two-dimensional proton-to-carbon correlation  
spectrum. The normal proton spectrum is  in the F  ̂ dimension and the 
broadband decoupled spectrum is in the F2  dimension. The spectrum 
represents a contour plot showing the connectivities of protons and 
carbons that are coupled with each other.
The geometry of the double bond and the stereochemistry at C-6 ‘ 
were determined by comparing physical properties and spectral data of 
synthetic (±)-marmin (and its  Z-isomer) with the natural product. 
Coates and co-workers^ 3  had shown that the double bond has an 
configuration and the c h ira lity  at C-6 ‘ is  R.
The coupling constants presented in Table 1-4 fo r marmin were 
obtained from two-dimensional ^-resolved spectroscopy of homonuclear 
(*H ,*H) spin systems.24*25,29 The spectrum, shown in Figure 1-6,
aDEPT 24,25 stands fo r d istortion less enhancement by polarization  
tra n s fe r. This heteronuclear multipulse experiment is  a powerful 
technique fo r s e n s itiv ity  enhancement and the determination of carbon 
m u ltip lic ity . The s e n s itiv ity  is enhanced because the experiment is  
based on polarization  tran sfer in a heteronuclear J-coupled spin 
system. Carbon m u ltip lic ity  is a function of the theta (©) pulse f l ip  
angle and the sen s itiv ity  is  dependent on the length of the theta  
pulse. When e is 135°, CH and CH3  groups appear as positive peaks and 
CH2  as a negative peak in  a spectrum. Furthermore, i f  0  is  90° CH are 
positive spectral peaks and i f  0  is 45°, CH, CH2, CHg are a ll  
pos itive . In Figure 1-4, the DEPT spectra are aligned with the 
broadband decoupled spectrum thereby allowing easy assignment of 





NMR spectral data* of 10 and 6  at 50.3 MHz in 
3  at ambient temperature.
1 0  6
C- 2 161.35 s 161.16 s
C-3 112.84 d 112.94 d
C-4 143.55 d 143.34 d
C-4a 112.41 s+ 112.43 s*
C-5 128.72 d 128.64 d
C- 6 113.19 d 113.09 d
C-7 162.05 s 162.01 s
C- 8 101.53 d 101.51 d
C-8 a 155.75 s 155.80 s
0 1 1—» 65.38 t 65.28 t
C-2 ’ 118.78 d 119.01 d
C-3' 142.14 s 141.32 s
0 1 36.51 t 36.17 t
C-5' 29.43 t 27.02 t
0 1 77.90 d 63.77 d
0 1 73.01 s 58.29 s
C-8 ' 26.41 q 24.74 q
C-9' 23.24 q 18.67 q
0 1 O 16.71 q 16.69 q
♦Chemical sh ifts  ( 6 ) ,  given in ppm, were determined re la tiv e  to  
CDCI3  absorption and converted to the TMS scale using 6 (0 0 0 1 3 ) =
77.00 ppm. Peak m u ltip lic ity  was obtained by off-resonance 
decoupling.
^ M u ltip lic ity  was obtained from DEPT spectra.
represents the separation of spin-spin m ultip lets and chemical sh ifts  
in two orthogonal frequency dimensions. Chemical sh ifts  are presented 
along the p2 -axis and coupling constants along the F j-a x is . Coupling 
constants were obtained where possible. The m u ltip lic ity  of a peak 
may not be d iscernible i f  the peak is too wide as was observed in the 
upfield  region fo r marmin.
Structure Determination of (i? H + )-Epoxyaurapten ( 6 ) .
This coumarin, C jg ^ C ^ , was a gum which exhibited peaks in its  
*H NMR spectrum ind icative  of a prenylated, 7-oxygenated coumarin 
[three one-proton doublets at 6  6.24 (H -3 ), 7.63 (H -4 ), 7.37 (H-5) and 
a two-proton m ultip le t at 6  6.84 (H- 6  and H-8 ) ] .  The substitution  
pattern of the coumarin skeleton was fu rther corroborated by 
absorption bands in the IR spectrum at 1734 cm"* (C=0 stre tch , 
unsaturated 6 -lactone) and 1613, 1559, 1507 cm"* (C=C stre tch , 
coumarin skeleton). Absorption bands in the UV spectrum were at 219 
(s h ), 244, 253, 294 (sh) and 322 (log e = 4 .1 0 ). The mass spectral 
fragmentation patterns are outlined in Scheme 1-4.
Compounds 10 and 6  showed very s im ilar *H NMR signals for H - l ' ,  
H -2 ', H -4 ', H-8 ' ,  H-9‘ and H-10' suggesting a s im ilar ten-carbon side 
chain in 6  as in 10. The molecular weight fo r 6 , 314 a.m .u ., was 
obtained from electron impact mass spectrometry, and the IR spectrum 
showed the absence of a hydroxyl fu n c tio n a lity . The structural 
assignments fo r 6 , summarized in Table 1-4, were made from detailed *H 
WIK double irra d ia tio n  experiments and further supported by a (*H ,*H) 
COSY-45 experiment with N-type selection (Figure 1-7) and (*H , *H) J_- 
resolved 2-0 spectroscopy (Figure 1 -8 ).
Scheme 1 -4 .  Mass sp e c tr a l  fragm entation pathways of ( ;? )-(+ )-epoxyaurapten ( 6 ) .
< * £ - 5 5 ,
(9.0)










i-- 0 0  
m /z 4 3  ( 100 .0 )
m/z %relative abundance
163 6 . 8





77 1 0 .0
The 1H NMR spectra of coumarins 10 and 6  d iffered  in the 
following absorptions: instead of the doublet of doublets at 6  3.36 
(H-6 ' )  in 10, a one-proton t r ip le t  at 6  2.72 was found in 6 .
Saturation at 6  2.72 (H-6 ' )  affected the m ultip let at 1.69 (H -5 ' ) .  
Conversely, irrad ia tio n  of the two-proton m ultip le t at 6  1.69 
collapsed the t r ip le t  at 6  2.72 (H-6 1) into a singlet and the 
m ultip le t at 6 2.24 (H -4*) s im plified  to a broadened s in g le t. Since 
the molecular weight of 6  (MW 314) was 18 mass units less than that of 
marmin (MW 332) and no hydroxy groups were present, an epoxide
i
containing structure 6  was proposed, which was supported by the
chemical s h ift and the m u ltip lic ity  of H-6 ' .  The mass spectral
fragmentation patterns, which are presented in Scheme 1-4, also
corroborate structure 6 . A lite ra tu re  search revealed that 6  had been
isolated previously*® and is known as (r ) - { + ) - epoxyaurapten. The data
discussed above are in fu l l  agreement with the data of (r ) - { + ) -
1 ^epoxyaurapten described in the lite ra tu re . However, the A C WIR
1 ^spectrum had not been previously reported. Table 1-5 presents the A C 
NMR assignments and m u ltip lic it ie s  for 6  which were determined by 
broadband decoupling, off-resonance decoupling and DEPT experiments 
(Figure 1 -9 ). The chemical sh ifts  fo r 10 and 6  are s im ilar with 
differences for C-6 * and C-7' (v ic ina l vs an epoxide carbons, 
respective ly).
The stereochemistry at C-6 ‘ and the geometry of the double bond 
in 6  were also determined by Coates and co-workers^® in the same way 
as for marmin (10 ). The 2 ‘-double bond in 6  showed an E- 
configuration, and the c h ira lity  at C-6 1 is R.
Structure Determination of Praealtin D (11 ).
Praealtin D (1 1 ), C1 9 H2 4 0 g, a gum, featured peaks in its  *H NMR 
spectrum (Figure 1-10) ind icating  a prenylated ether of 7-oxy- 
substituted coumarin: a pair of one-proton doublets (_J=9.5) at 6 6.26 
(H-3) and 7.64 (H -4); H-5 (J.=8.4) at 6 7.38 and H- 6  & H- 8  at 6  6 .87 . 
This substitution pattern was corroborated by the UV data with bands 
at 219 (sh ), 242, 253, 291 (sh) and 322 nm. Absorption bands in the 
IR spectrum at 1719, 1709 cm"* (coumarin lactone ring) and 1613, 1557, 
1509 (aromatic C=C stretch) and mass spectral data (Scheme 1-6) also 
supported a coumarin structure.
Compounds 10 and 11 showed very s im ilar *H NMR signals fo r H -4 ', 
H -5 ',H -8 ' and H-9‘ . The IR spectrum fo r praea ltin  D had a strong 
absorption band at 3420 cm"*, indicating hydroxyl fu n c tio n a lities  and 
two bands of equal in tensity  at 1404 and 1352 cm"* and a band at 1202 
cm"* which corresponded to the C-H and C-C bending vibrations  
fo r ^CMe2 , respectively. A molecular weight of 348 a.m.u. was 
determined from chemical ionization and electron impact mass spectral 
studies.
The *H NMR assignments fo r 11 are summarized in Table 1-6 and 
were derived from extensive double irrad ia tio n  experiments and a 
(*H ,*H) COSY-45 (with N-type selection) experiment (Figure 1 -11).
Instead of the o le fin ic  C-10' methyl singlet at S 1.78 in 
marmin (1 0 ), two broadened one-proton singlets at 6  5.09 and 5.27 
appeared in the *H NMR spectrum of p raea ltin  D, suggesting an o le fin ic  
methylene group at C-3‘ . Irrad ia tio n  of the exocyclic methylene 
proton at 6  5.27 (H -10'a) caused a sharpening of the m ultip le t 
centered at S 4 .55. Saturation of the broadened doublet of a doublet
Table 1-6. *H NMR spectral data* of praealtin  D (11) at 200 MHz in 
CDClg at ambient temperature.
Assignment
H-3 6.26 d (9 .5 )
H-4 7.64 d (9 .5 )
H-5 7.38 d (8 .4 )
H- 6  & H- 8 6.87 m
H - l ' 4.06 m
H-2' 4.55 ddd (7 .0 ,7 .0 ,3 .5 )
H-4‘ 2.32 m
H-5' 1.65 m
H-6 ' 3.44 ddd (10 ;~ 2 .5 , ~ 2 .5)
H-8 ' 1.23 s
H-91 1.18 s
H-10'a 5.27 br s (3 .5 )
H-10'b 5.09 br s
♦Chemical sh ifts  are given in ppm re la tiv e  to Me^Si.
M u lt ip lic it ie s  are designated as: br, broad; d , doublet; m, m ultip let 
whose center is given; s , s in g le t; t ,  t r ip le t .  Coupling constants (J) 
or lin e  separations in Hz are given in parentheses.
at 6  4.55 affected the m u ltip le t 6  4.06 (H -21) .  S im ila rly , 
irra d ia tio n  of the m u ltip le t a t 6  4.06 collapsed the m ultip le t at 6  
4.55 to a broadened s in g le t. Compound 11 is sixteen mass units higher 
than marmin (10) and the IR spectrum for 11 showed a very strong 0-H 
band. Therefore, based on 1H NMR chemical s h ift  considerations and 
coupling patterns, attachment of a hydroxy group to C-2' would be in 
agreement with the spectral data.
Structure 11 was proposed fo r praea ltin  D, a new ly-identified  
natural compound. The mass spectral fragmentation patterns strongly 
support structure 11. Scheme 1-5 shows the side chain fragments and 
presents the results of the chemical ionization studies. The f i r s t  
part of Scheme 1-6 shows the fragments that result a fte r  in i t ia l  
cleavage (A5 ) of the ether linkage and support the assignments made 
fo r the side chain. The second part of Scheme 1-6 shows a key 
fragmentation pathway, cleavage between C - l ' and C -2 '. This cleavage 
is  favored because i t  is  an a lly lic -ty p e  cleavage. The fragment due 
to m/z_ 176 (7-methoxycoumarin)^° is s ig n ifican t since its  
fragmentation pattern d is tin c tly  d iffe rs  from 7-hydroxycoumarin 
i t s e l f .  There is an in i t ia l  loss of CO from the pyrone ring to give 
the radical ion m/z_ 148 and then a loss of a methyl radical can occur 
to give cation mjz_ 133. In add ition , the fragmentation patterns of 
B' also corroborate structure 11. The stereochemistry of the hydroxyl 
group at C-2' remains open, and the c h ira lity  at C-6 ' is te n ta tiv e ly  
assigned r  based on biogenetic analogy arguments of the ch ira l centers 
C-6 ' of the co-occurring coumarins 10 and 6 .
Scheme 1-5. Mass spectral data for praealtin  D (11 ).
i--------
I--------- ►D
Electron impact mass spectrometry  1 Chemical ionization mass spectrometry (NH^)
m/z fragment % re la tive  abundance m/z fragment % re la tive
289 C|3+ 3.2 366 [M+NHJ+
[M+H]
8.7
271 [e -h2 o]+
CD3+
3.3 349 2 0 . 1
259 3.1 331 [m+h-h2 o3+ 25.3
246 [C+H]+ 8 . 2 313 [M+H-2H2 03+ 5.5










[A '-h 2 03+
[AH+H]+
42.9
1 0 0 . 0
103 2.3
89 CD*3+ 21.3
85 C£'-h2 o]+ 2.9
71 [d '-h 2 03+ 1 1 . 2
59 [E '3+ 54.1
POCT>
Scheme 1-6. Mass spectral fragmentation patterns of praealtin  D (1 1 ).
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Structural Determination of Praealtin  A
Praealtin A (7 ) ,  C2 1 H2 4 O5 , a colorless, c ry s ta llin e  compound (mp 
163 .3 °), exhibited signals in its  IR spectrum characteris tic  of a 
coumarin: 1734 (carbonyl s tretch , unsaturated 6 -lactone) and 1615,
1557, 1509 cm" 1 (C=C stre tch , coumarin skeleton). In the 1H NMR 
spectrum three one-proton doublets at 6  6.25 (H -3 ), 6  7.64 (H-4) and 
6  7.37 (H -5), and the two-proton m u ltip le t at 6  6.84 (H- 6  and H-8 ) 
were diagnostic of a C-7 ether derivative  of umbelliferone (Figure 1- 
12, Table 1 -7 ). The basic skeleton was fu rther corroborated by mass 
spectral data (Scheme 1-7) and UV data: 217 (sh ), 244, 253 294 (sh ),
322 (log e = 4 .24 ). Double irra d ia tio n  experiments and a ^ H ^ H )
COSY-45 (with N-type selection) experiment (Figure 1-13) were 
performed in order to  determine proton assignments.
A molecular weight of 356 a.m.u. was obtained from electron  
impact and chemical ionization studies (Table 1 -8 ). Upon irra d ia tio n  
of the doublet at 6  4.27 (J_=6.7Hz), the upfield m ultip le t a t 6  2.36 
(J f6 .5  Hz) collapsed to a broadened s in g le t. The ether protons (H - l1) 
were assigned to the doublet at 6  4 .27. Saturation of the m u ltip le t 
at 6  2.36 not only collapsed the doublet corresponding to the C - l * 
protons but the two singlets at 6  4.96 and 6  4.72 increased in  
in te n s ity . Saturation of the singlet at 6  4.96 did not a ffec t the 
singlet at 6  4.72 and vice versa. Based on the preceding observations 
and the chemical sh ifts  of the two s in g le ts , the presence of v in y lic  
protons was indicated. Thus the singlets at 6  4.96 and 6  4.72 were 
assigned to the H-10'a and H-10'b protons of the methylene group alpha 
to  C -3 '. Irrad ia tio n  of the m u ltip le t at 6  2.19 affected the 
m ultip le t at 6  1.79 and caused an increase in in tensity  fo r  H-10'a and
Table 1-7. NMR data* of p raea ltin  A (7) at 200 MHz in CDC13  at 
ambient temperature.
Assignment 6 , m u ltip lic ity
H-3 6.25 d (9 .4 )
H-4 7.64 d (9 .4 )
H-5 7.37 d (8 .9 )
H- 6  and H- 8 6.84 m




H-6 ' 4.74 ddf  (7 . 8 ,7 . 8 )
H-8 ' 1.08 s
H-9' 0.97 s
H-1 0 a * 4.96 br s (0 .7 )
H—10b' 4.72 br s
H-12' (Ac) 2 . 1 1 s
♦Chemical sh ifts  are given in ppm re la tiv e  to Me^Si. Coupling 
constants (JJ or lin e  separations in Hz are given in parentheses and 
were determined by ^-resolved spectroscopy.
M u lt ip lic it ie s  are designated as follow s: d, doublet; m, m ultip le t 
whose center is given; s , s in g le t; t ,  t r ip le t ;  br, broad. 
^ M u ltip lic ity  was obtained from (*H , *H) jj-resolved 2-D spectroscopy.
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Table 1 -8 .  Chemical io n iz a t io n  mass s p e c tr a l  data* f o r  p r a e a l t in
A ( 7 ) .
Reagent gas m[z_ Fragment % Relative Abundance
»H3f
391 [M+(NH3 ) 2 H]+ 2.5
374 [m+nh4 j + 1 0 0 . 0
357 [M+H]+ 1 . 2
ch4*
397 [m+c3 h5] + 5.5
385 [m+c2 h5]+ 2 1 . 2
374 [ m+ch5] + 4.5
357 [M+H]+ 80.6
297 [m-ch3 co2 h+h]+ 1 0 0 . 0
163 [ ah+h] + 23.7
153 [a '-c h 3 co+h]+ 31.2
135 [A'-CH3 C02 H]+ 85.6
♦Mass spectra were obtained with a Finnigan model 4510 mass 
spectrometer equipped with a d irect exposure probe.
*0 .6  Torr 
*0 .3  Torr
H-10'b s ignals. The m ultip le t at 6  2.19 was assigned to the protons 
attached to C -4*. The presence of a methylene moiety at C-51 was 
indicated by a m u ltip le t at 6  1.79 and upon irrad ia tio n  of th is  
m u ltip le t, the C-4' protons and the m u ltip le t at 6  4.74 were 
affected . Furthermore, the C-5' protons can be seen in the contour 
plot of the COSY spectrum of 7. The presence of an acetate group was 
evident from a three-proton singlet at 6  2 . 1 1  and further corroborated 
by a strong mass spectral peak at m/z_43 and an absorption at 1734 
cm"* in  the IR spectrum. The signal at 6 4.74 (J_ = 7 .8 , 7.8 Hz) was 
assigned to H-6 1. The m ultip le t at 6  1.79, corresponding to the H-51 
protons, was affected upon irrad ia tio n  of H-6 1. The chemical s h ift  
fo r H-6 1, 6  4 .74 , indicated that the acetate group is attached at 
C-6 *. I t  should be pointed out that H-6 ' is p a r t ia lly  obscured by 
H-10'b, but the ^-resolved spectrum (Figure 1-14) fo r 7 shows that 
H-6 ' is a doublet of doublets. This observation was confirmed by 
obtaining the spectrum fo r 7 in CgDg: H-10'a at 6  4 .84 , H-6 ' as a 
doublet of doublets at 6  4.76 and H-10'b at 6  4 .66. The two, three- 
proton singlets at 6 1.08 and 6  0.97 corresponded to methyl groups (H- 
8 ‘ and H-91, respectively) which were assigned to C-7' for the 
following reasons. The IR spectrum of 7 showed two bands of equal 
in tensity  at 1402 and 1352 cm"* corresponding to the C-H bending 
vibration fo r *CMe2  moiety and a band at 1202 cm"* fo r the C-C bending 
vibration fo r *CMe2. Furthermore, since H-2' showed coupling to H -l' 
and a l ly l ic  coupling to H-10' only, a cyclic  side chain was 
indicated. Structure 7 was proposed fo r praealtin  A, a new prenylated 
coumarin. The mass spectral fragmentation patterns are presented in 
Scheme 1-7. The major pathway corresponds to an Ag"** cleavage (i_.e .̂
Scheme 1 -7 .  Mass sp e c tr a l  fragm entation pathways of p r a e a lt in  A ( 7 ) .
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cleavage between C - l ' and the ether oxygen).
The 13C NMR data fo r praealtin  A are summarized in Table 1-9.
The assignments and m u ltip lic it ie s  were deduced from broadband 
decoupling, off-resonance decoupling and DEPT experiments (Figure 1- 
15) and corroborated the *H NMR assignments.
The use of c ircu la r dichroism for the determination of the 
stereochemistry at C-2' and C-6 ' proved to be in e ffe c tiv e  because the 
chiral centers were too remote from the coumarin nucleus.
Single crystal X-ray d iffra c tio n  analysis of p raea ltin  A gave the 
re la tiv e  configuration and the solid  state conformation of the 
molecule. The coordinates fo r nonhydrogen atoms in praea ltin  A are 
summarized in Table 1-10. The stereo pair shown in Figure 1-16 is in 
agreement with structure 7 and shows that H-2' and H-6 * have the same 
re la tiv e  configuration. In add ition , i t  shows that one of the 
hydrogens attached to C-101 is in the deshielding sphere of the oxygen 
attached to C-7. Therefore, the more downfield s ing le t at 6 4.96 (H- 
1 0 *a) was assigned to th is  hydrogen.
Figure 1-16. Stereoscopic representation of the p raea ltin  A
(7) molecule.
Table 1 -9 .  NMR data* o f  p r a e a lt in  A (7 )  at 5 0 .3  MHz in  CDCI3
at ambient tem perature.






C- 6 113.74 d
C-7 162.68 s
C- 8 101.80 d
C-8 a 156.46 s





C-6 ' 78.25 d
C-7' 38.70 s
C-8 ' 21.84 q
C-9' 19.80 q
C-10* 1 1 1 . 6 6  t
C - l l ' 170.86 s
C—12' 26.77 q
*The chemical sh ifts  were determined re la tiv e  to the CDCI3  absorption 
and converted to the TMS scale using 6 (CDCl3 )=7 7 . 0 0  ppm. Peak 
m u ltip lic it ie s  were determined by off-resonance decoupling and DEPT 
experiments.
Table 1 -1 0 .  C oordinates fo r  nonhydrogen atoms in  p r a e a lt in  A ( 7 ) .
Atom L 7_ Atom L z_
0 1 0.654(1) - 0 . 0 2 0 ( 2 ) 0.5393(4) C14 0.602(2) -0 .017(3) 0.2304(6)
C2 0.703(2) -0 .017(3) 0.6031(7) C15 0.677(2) -0 .193(2) 0.1968(7)
C3 0.914(2) -0 .026(3) 0.6299(6) C16 0.684(2) -0 .166(3) 0.1271(7)
C4 1.057(2) -0 .027(3) 0.5896(6) C17 0.473(2) -0 .100(3) 0.0933(7)
C5 1.144(2) -0 .028(3) 0.4762(6) C18 0.394(2) 0.076(3) 0.1301(7)
C6 1.080(2) -0 .032(3) 0.4123(6) C19 0.378(2) 0.032(2) 0.2006(7)
C7 0.876(2) -0 .028(3) 0.3913(6) C20 0.725(2) -0.357(3) 0.2244(8)
C8 0.729(2) -0 .029(3) 0.4350(6) C21 0.299(3) 0.227(4) 0.2298(10)
C9 0.802(2) -0.024(3) 0.4978(6) C22 0.234(2) -0 .138(3) 0.2107(7)
CIO 1.006(2) -0 .035(3) 0.5226(6) 023 0.189(1) 0 . 1 1 2 ( 2 ) 0.0992(5)
O il 0.559(1) 0 * 0.6363(5) C24 0.160(3) 0.266(3) 0.0643(8)
0 1 2 0.828(1) -0 .032(2) 0.3268(4) 025 0.287(2) 0.396(3) 0.0556(7)
C13 0.613(2) -0 .031(3) 0.3019(6) C26 -0.071(3) 0.304(3) 0.0386(9)
*y coordinate of O il fixed to define the origin
Crystallographic data: Praealtin A, C2 1 H2 4 0 5 , = 356.4, monoclinic, space group P2j, 3̂  =
6 .622(3 ), = 6 .708(2 ), c_ = 21.067(3)A, 6  = 96 .44 (3 ), V = 929.9(9)A3, Z = 2, Dc = 1.273 g cm"3, X(MoKo)
= 0.71073 A, y = 0.84 cm"1, F(000) = 380, T = 294K, R = 0.114 for 987 data having > lo  (F*) and 
l°<e<25°; isotropic refinement; H atoms calculated B = 5.0A^, acetate H atoms ignored, 104 variables.
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Structural Elucidation of 6 1-Hydroxy-g-cycloaurapten ( 8 ) .
6 ' -Hydroxy-g-cycloaurapten ( 8 ) ,  a gum, featured
absorptions in i ts  MIR (Figure 1-17) and UV [217 (sh ), 242, 252,
294 (sh ), 322nm] spectra characteris tic  of a C-7 ether derivative of 
umbel 1 iferon e. The basic skeleton was further supported by mass 
spectral data (Scheme 1-8) and absorptions in the IR at 1734, 1613,
1557 and 1509 cm”1. The IR spectrum also showed a broad band at 3478 
cm”1, indicating the presence of a hydroxy group. The 1H NMR 
assignments fo r 8 , which are summarized in Table 1-11, were deduced 
from spin-decoupling experiments and corroborated by a (Hi, Hi) COSY- 
45 (with N-type selection) experiment.
The two-dimensional Hi to 1H correlation spectrum for 8 , Figure 
1-18, showed that the two, one-proton doublet of doublets at 6 4.11 
(JflO .O , 3.8 Hz) and 6 4.35 (JflO .O , 3.8 Hz) are each coupled to the 
upfield  m ultip let at 6 2.16 and to  each other. The chemical sh ifts  
and m u ltip lic it ie s  indicated that 6  4.11 and 6  4.35 signals were 
produced by the protons attached to C - l* that were geminal to an ether 
group and vicinal to a carbon center containing only one hydrogen. 
Saturation of the m ultip le t at 6 2.16 collapsed the C - l ' protons to a 
doublet of doublets, and the m ultip le t at 6 5.46 sharpened and 
increased in in te n s ity . The ^  NMR spectrum showed a three-proton 
broadened singlet at 6 1.75 typ ical of a methyl group attached to a 
double bond. Irra d ia tio n  of the broadened singlet caused a sharpening 
fo r the multi piets at 6  5.46 and 6  2 .24. H-21 was assigned to 6  2.16 
and H-10' to 6  1.75. The presence of an o le fin ic  proton was indicated 
by a m ultip le t at 6  5.46 (H -41) that showed coupling to the m ultip le t 
at 6  2.24 and a l ly l ic  coupling to the C-10' methyl group. The
Table 1 -1 1 .  *H NMR data* fo r  6 '-H ydroxy-3-cy c loa u rap ten  ( 8 ) at
200 MHz in  CDCI3 a t  ambient tem perature.
Assignment 6 , m u ltip lic ity
H-3 6.25 d (9 .4 )
H-4 7.64 d (9 .4 )
H-5 7.37 d (8 .9 )
H- 6  & H- 8 6.84 m
H-l* (4.35 dd (1 0 .0 ,3 .8 )




H-6 1 3.47 br dd (4 .6 )
H-8 ' & H-9' 1.05 s
H-10' 1.75 br s
♦Chemical sh ifts  are given in ppm re la tiv e  to Me^Si. Coupling 
constants (J ) or lin e  separations in Hz are given in parentheses. 
M u lt ip lic it ie s  are designated as follows: d, doublet; m, m ultip le t 
whose center is given; s, s in g le t; t ,  t r ip le t ;  b r, broad.
m ultip le t at 6  2.24 was assigned to H -5 '. Irrad ia tio n  of th is  
m ultip le t resulted in the sharpening and increase in in tensity  of the 
signals fo r H-4' and H-10' and the m u ltip le t at 6  3.47. The presence 
of a hydroxy group at C-6 ' was indicated by the broad m ultip le t at 6  
3.47 (H-6 ' ) ,  which upon saturation affected H-5' only. The presence 
of two methyl groups attached to the same carbon atom was indicated by 
a six-proton s ing let at 6  1.05 that s p lit  in to  two three-proton  
singlets ( 6  0.95 and 6  0.86) when the *H NMR spectrum fo r 8  was 
obtained in CgDg. Furthermore, the IR spectrum showed two bands of 
equal in tensity  at 1404 and 1352 cm"* and a band at 1200 
cm"*. The methyl groups had to  be attached to C-7' and a cyclic  
structure was indicated from the coupling patterns fo r H-2‘ and 
H-6 ' .  Structure 8  was proposed and the mass spectral patterns (Scheme 
1-8) support the structure , in p articu la r peaks at m[z_ 153, 135, 119, 
81, 72, 71 and 43. A fter a lite ra tu re  search, i t  was determined
1 O
that 8  was not a new compound. Bohlmann and co-workersAO had isolated  
th is  compound which was named 6 '-hydroxy-e-cycloaurapten. The UV, 
mass spectral and *H NMR data are in agreement, with the following  
exception. The reported chemical sh ifts  fo r C - l '  protons were 6  3.10 
and 6 3.35 as compared to 6 4.11 and 6 4.35 fo r our resu lts . I t  is  
most lik e ly  that the reported values*® represent a typographical 
erro r.
Structural Elucidation of Praealtin  B (4) and Praealtin  C (5 ) .
A hygroscopic s o lid , C g^^O g, displayed bands in the IR spectrum 
characteris tic  of a coumarin: 1734 (C=0 s tre tch , pyrone ring) and 
1615, 1509 cm"* (C=C s tre tch , arom atic). A C-7 ether derivative  of
Scheme 1 -8 .  Mass sp e c tr a l  fragm entation pathways fo r  6 ' -h yd roxy-g -cycloau rap ten  ( 8 ) .
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umbelliferone was indicated by absorption bands in the UV spectrum at 
219 (sh ), 244, 253, 296 (sh) and 322 (log e = 4.25) and from the mass 
spectral patterns for fragment E‘ (Scheme 1 -9 ). Furthermore, NMR 
spectroscopy (Figure 1-19) showed three doublets at 6 6.25 (H -3 ), 6 
7.65 (H-4) and 6  7.38 (H-5) and a m ultip le t at 6  6.84 (H- 6  and H-8 );  
a ll diagnostic fo r the substitution pattern of the coumarin nucleus.
The 200 MHz *H NMR spectrum for praealtin  B, shown in Figure 1- 
19, was very sim ilar to the spectrum fo r 6 ' -hydroxy-B-cycloaurapten
( 8 ) .  The *H assignments fo r 4 are summarized in Table 1-12 and were 
deduced from extensive spin decoupling experiments and a COSY 45 
(*H ,*H) experiment (with N-type selection) (Figure 1 -20). The major 
difference between the two compounds was suggested by the downfield 
s h ift  of H-6 ‘ from 6  3.47 in 8  to 6  4.75 in 4. The more downfield 
s h ift  of H-6 ' in 4 indicated the p o s s ib ility  that i t  was attached to a 
carbon bearing an ester fu n ctio n a lity  rather than a hydroxy group.
The IR spectrum fo r 4 did not show an absorption fo r a hydroxy group 
and furthermore the strong absorption band at 1734 cm- 1  could be 
attribu ted  not only to the pyrone ring of the coumarin but also to an 
ester moiety. A molecular weight of 398 a.m.u. was obtained from 
electron impact and chemical ionization studies. The *H NMR spectrum 
suggested the presence of a 2-methylbutanoate group in 4. Saturation 
of the m ultip let at 6  2.32 (H-121) collapsed the doublet at S 1.14 
( =  6 . 8  Hz) which was assigned to H -15 '. Irrad ia tio n  of the 
m ultip le t at 6 1.57 (H-131) affected the t r ip le t  at 6  0.89 (H-141) .
The *H NMR data were corroborated by the mass spectral 
fragments A (m/z^57) and B (m/z  ̂ 85) in the electron impact mass 
spectrum. However, the *H NMR spectrum showed several signals which
Scheme 1 -9 .  Mass sp e c tr a l  fragm entation  pathways of p r a e a lt in  B (4 )  and p r a e a l t in  C ( 5 ) .
D4---------------1
Electron impact mass spectrometry E Chemical ionization mass spectrometry (NH^)
m/z fragment % re la tive  abundance m/z fragment % re la tive
398 [M]+ 0.7 416 [ m+nh4] + 56.7
296 [C '-H ]+ 3.0 399 [M+H]+ 1 0 0 . 0
163 [E'+2H]+ 7.9 297 [M-CH+H]+ 55.9
162 [E'+H]+ 4.7 237 1* / 6.4
134 [E'+H-C0]+ 10.5 163 [E'H+H]+ 49.9
1 2 1 [D-C-H]+ 21.4 135 [E-CH] or [E'H-CO] 73.4
106 [E'+H-2C0]+ 1 . 6
105 [E'+H-C0-CH0]+ 7.0
85 CB3+ 43.2




Table 1-12. *H MW data* fo r praealtin B (4) and praealtin C (5) 1n CDCI3 at ambient temperature.
A ssignm ent
H-3 6.25 d(9.4) 6.18 d(9.5) 6.18 d(9.5) 6.25 d(9.4)
H-4 7.65 d(9.4) 7.56 d(9.5) 7.56 d(9.5) 7.65 d(9.4)
H-5 7.38 d(8.5) 7.30 d(8.5) 7.30 d(8.5) 7.38 d(8.5)
H-6 & H-8 6.84 m 6.75 m 6.75 m 6.84 m
r4.08 dd(10.0,4.8) r 4.39 p <"4.39 p r4.08 dd(10.0,4.8)
14.37 dd(10.0,4.8) U .01 dd (9.8,4.9) V4.OI dd(9.8,4.9) V.4.36 dd(10.0,4.8)
H-2' 2.15 m 2.21 m 2.21 m 2.15 m
H-4' 5.39 b r  s 5.32 b r  s 5.32 b r  s 5.38 b r  s
f2.16 m f2.31 m r2.31 m f2.16 m
H-5‘ ( 1 1 12̂.05 m v.2.03 m \ 2.03 m v2.05 m
H-6' 4.75 b r  dd(5.7) 4.69 dd(5.5) 4.68 dd(5.5) 4.75 b r  dd(5.7)
h - 8 '  r  /'0.98 s ro .97 s r
{  1 .05 b r  s < < < 1 .03  b r  s
H-9* L  v .0 .96  s v. 0 .9 5  S k






H-131 1.57 m { 2.01 m
H -1 2 1 2 .3 2  m 2 .30  m
rl.6  m 
1 1.42 m
H -1 4 1 -0 .8 9  t c 0 .8 4  t { 7 . 3 )  0 .8 9  d ( 6 .6 )  0 .9 3  dc
H -1 5 1 1 .14  d (6 .8 )  1 .08  d (6 .8 )  0 .8 8  d ( 6 .3 )  \
f i g u r e s  in  pa ren theses  a re  c o u p lin g  c o n s ta n ts  in  Hz. S ig n a ls  a re  d e s ig n a te d  as fo llO M S :
d ,  d o u b le t ;  m, m u l t ip le t  whose c e n te r  i s  g iv e n ;  p ,  p e n te t ; s ,  s in g le t ;  t ,  t r i p l e t  and b r ,  b roadened.
‘ ‘Spectrum  was run  a t  200 MHz
"S pec trum  was run a t  400 MHz
cM u l t1 p l ic 1 ty  o b ta in e d  from  JRES2D spectrum
*o b scu re d  by o th e r  s ig n a ls
45
could not be accounted fo r .  The C - l ' protons should each be a doublet 
of doublets. The pattern fo r the more downfield proton ( H - l ')  
indicated another doublet of a doublet of s im ilar chemical s h if t .  In 
add ition , the two methyl groups attached to C-7 * usually appear as two 
singlets or as one s in g le t, depending on the chemical environment. 
Furthermore, the (*H , *H) ^-resolved 2-D spectrum fo r 4 showed that 
the t r ip le t  near 6  0.9 was re a lly  a doublet and a t r ip le t  (Figure 1- 
21). A spectrum at 400 MHz in CDCI3  was obtained fo r 4 and is shown 
in Figure 1-22. I t  became evident that two closely related compounds 
were present even though the gas chromatogram appeared as a single  
peak. Moreover, the difference between the two compounds had to be in 
the ester fu n c tio n a lity . The esters were shown to  be positional 
isomers (12 and 13) by examination of expanded areas of the 400 MHz *H 
NMR spectrum (Figures 1-23 and 1-24) and analysis of a 400 MHz (*H ,*H) 
COSY-45 (with N-type selection) spectrum (Figure 1 -25).
j i i
CH
h'N . >  
i r
12 13
The *H NMR signals fo r the 2-methylbutanoate moiety (12) were assigned 
as: a three-proton doublet at 6 1.04 (H-151) coupled to the m ultip let 
at 6 2.30 (H-121) which in turn was coupled with one of the C-131 
protons at 6  1 .61. The protons attached to C -13 ', appearing as
m ultip le ts  at 6 1.61 and 6  1 .42, were coupled with the t r ip le t  at 6
0.84 which was assigned to H-14' .  The isovalerate group (13) was
indicated by the following coupling patterns: the two methyl groups
attached to C-13' appeared as a doublet of doublets at 6 0.89
(>=6 . 6 Hz) and 6  0.88 (J_=6.3 Hz) and were coupled to the m u ltip le t at 6
2.01 (H-131) .  The C-12' protons appeared as doublets with very
s im ilar chemical s h if ts , 6 2.12 (J=7.7 Hz) and 6  2.12 (>=6 . 6  Hz).
Therefore, two structures were proposed, d iffe r in g  only in the ester
group attached to C-6 ' .  Structure 4 was proposed fo r the compound
containing the 2 -methylbutanoate side chain and named praea ltin  B.
Structure 5 was proposed fo r the compound containing the isovalerate
side chain and named praea ltin  C. These two structures represent new
natural compounds. The mixture of two closely related compounds would
support the mass spectral data, as well as the appearance of one peak
in the gas chromatogram, a molecular weight of 398 a.m.u. and the same
mass spectral fragmentation pattern fo r each compound as shown in
Scheme 1-10. The major fragmentation pathway was ether cleavage
between the C-7 oxygen and C - l1. The cyc lic  side chain was
substantiated by the fragments which resu lt from a retro -D ie ls-A lder
reaction. The other fragments corroborated the assignment of the
groups on the cyclohexene ring of the side chain. Furthermore, UV and
IR data should be very s im ila r , as is  the case. In add ition , the *H
NMR signals fo r the coumarin nucleus, H - l 1 (one proton o n ly ), H -10 ',
H -4‘ and H-5‘ should be s im ilar with differences appearing fo r the
signals in proximity to the ester moiety, H-6 ' ,  the methyl
groups attached to C -7‘ , and one of the C -1‘ protons. Final
13confirmation fo r the structures came from analysis of the C NMR
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spectrum (Figure 1-26) and the assignments fo r each compound are 
summarized in Table 1-13. The assignments fo r the ester groups were 
made by comparison with
13c NMR data fo r desacyl-isovaleryl-heliangine (1 4 )^  and 9- 
desacetoxymelcanthin F ( 1 5 ) .^
Due to the s im ila r ity  of the 1H NMR spectral patterns of the 
terpenoid portion of compounds 4 and 5 with those of the known 
compound 8 , the same stereochemistry at C-2' and C-6 1 for compounds 
4 and 5 was assigned.
C02CH3
14 15
Table 1 -1 3 .  nmr data*  at 5 0 .3  MHz f o r  p r a e a l t in  B (4 )  and
p r a e a l t in  C (5 )  in  CDCI3 a t  ambient tem perature.
Assi gnment 4 5IV
C-2 161.11 s 161.11 s
C-3 113.03 d 113.03 d
C-4 143.31 d 143.31 d
C-4a 112.48 s 112.48 s
C-5 128.72 d 128.72 d
C- 6 113.03 d 113.03 d
C-7 161.94 s 161.94 s
C- 8 101.26 d 101.26 d
C-8 a 155.95 s 155.95 s
C -l* 68.59 t a 68.47 t a
C-2' 48.91 d 48.91 d
C-3' 133.41 s 133.41 S
C-4' 119.64 db 119.57 db
C-5' 28.80 t 28.80 t
C-6 ' 75.51 dc 75.32 dc
C-7' 35.76 s 35.76 s
C-8 ' 2 2 . 6 6  qd 2 2 . 6 6  qd
C-9' 22.42 qd 22.42 qd
C-10' 26.10 q 26.10 q
C - l l ' 172.54 s 176.10 s
C-12* 41.48 d 43.90 t
C—13' 26.80 t 25.83 d
C—14' 16.75 q 22.34 qd
C—15' 11.59 q 20.15qd
*The assignment of the m u ltip lic it ie s  are based on off-resonance 
decoupling and DEPT experiments. Chemical sh ifts  are given in ppm 
using CDCI3  as an internal standard.
a ,b , c,dAssjy nment s j nterchangeable
1 .2 .1  Introduction
A phytochemical investigation of Aster spinosus Benth. from 
Austin, Texas revealed the absence of coumarins. However, the 
acetylenic compound, 16, was found in the crude dichloromethane 
e x trac t. Compound 16, lachnophyllum lactone, has been isolated  
previously from Aster bellid iastrum , A. umbel!atus, and A. canus. 9  
However, the chemical data fo r 16 are unpublished and only the mass 
spectral data have been presented9 . The m ajority of the species of 
Aster investigated thus fa r ,  contain c is - lachnophyllum ester, 1, as 
the chief acetylenic constituent. Formerly, compound 1 had been found 
in Aster spinosus. 8
Dried aeria l parts of Aster spinosus were extracted with 
petroleum ether followed by dichloromethane. The dichloromethane 
extract was subjected to the procedure outlined in the experimental 
section (1 .6 ) fo r the iso lation  of low -polarity constituents . 3 4  The 
JH NMR spectrum fo r the crude syrup is shown in Figure 1-27. Compound 
16, the major component, was isolated by preparative th in -la y e r  
chromatography over s il ic a  gel.
1 .2 .2  Structural Elucidation of Lachnophyllum Lactone From Aster 
spinosus
Lachnophyllum lactone (1 6 ), Ciohio®2* an ° ^ * wh-ich had a vepy 
obnoxious smell, exhibited an absorption band at 2213 cm" 1 in its  
infrared spectrum ind icative  of an acetylenic moiety. In add ition , 
the spectrum displayed bands at 3139, 3106 and 3048 cm"1, which are 
typ ical of an o le fin ic  C-H stre tch , and bands at 2965, 2934 and 2874 
cm"1, which correspond to  a lip h a tic  C-H stre tch . The spectrum also
Figure 1 -2 7 .  *H NMR spectrum o f  th e  crude syrup o f  Aster  sp in osu s  a t  200 MHz in  CDCI3
at ambient tem perature.
—1------------ 1-------------1------------ 1------------ 1-------------1-------------1------------ 1-------------1-------------1-------------1-------------1------------ 1------------ 1------------ r—
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
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showed strong absorption bands at 1784 and 1755
cm"*, which suggested a y-lactone moiety. A molecular weight of 162 
a.m.u. was obtained from electron impact mass spectral studies.
The *H NMR spectrum for 16 is shown in Figure 1-28, and spin- 
decoupling experiments were performed which led to the assignments 
summarized in Table 1-14. The downfield portion of the spectrum 
indicated o le fin ic  protons. Saturation of the t r ip le t  at 6 1.03 
(J f7 .3  Hz) resulted in the collapse of the sextet at 6  1.62 (J f7 .3  Hz) 
to  a t r ip le t .  Furthermore, irrad ia tio n  of the two-proton sextet 
collapsed the doublet of a t r ip le t  at 6  2.43 (Jf=7.0, 2.4 Hz) to a 
doublet and the t r ip le t  at 6  1.03 to a s in g le t. These decouplings 
indicated a propyl moiety and H - l l  was assigned to the upfield  t r ip le t  
and H-10 to the sextet. Saturation of the doublet of a t r ip le t ,  H-9, 
collapsed H-10 to a quartet and the m ultip le t at 6  5.32 to a 
s in g le t. The chemical s h ift  and m u ltip lic ity  of H-9 was in accord 
with a methylene group attached to a methylene group and exh ib itiny  
lony-ranye coupling (J_=2.4 Hz) to an o le fin ic  proton. Irra d ia tio n  of 
the one-proton m ultip le t at 6  5.32 (H-6 ) collapsed H-9 to a t r ip le t .  
Saturation of the one-proton doublet at 6  6.22 (J_=5.3 Hz) collapsed 
the doublet at 6  7.38 (Jj=5.3 Hz) to a s inglet and sharpened the H- 6  
signa l.
The absorption frequency (2213 cm"*) of the acetylenic moiety 
denoted a disubstituted alkyne. Furthermore, the (*H , *H) ^-resolved  
spectrum for 16 showed that the m u ltip lic ity  fo r H- 6  approaches a 
doublet of a t r ip le t  (J=~2,0.3 Hz). Structure 16 was proposed based 
on the above spectral evidence. The double bond exocyclic to the ring 
was assigned as E based on the absorption band at 939 cm"* in the
Figure 1 -2 8 .  *H NMR spectrum o f lachnophyllum la c to n e  (16) a t  200 MHz in CDCI3 at ambient tem perature.
7.0 3.04.0 5.0 4.0 3.0 1.0 0.0
♦Impurity from work up of the prep. TLC p la te .
Table 1 -1 4 .  *H NMR data*  o f  lachnophyllum la c to n e  (16) at 200 MHz
in CDCI3 a t  ambient tem perature .
Assignment 6 , m u ltip lic ity
H-3 6.22 br d (5 .3 )
H-4 7.38 d (5 .3 )
H- 6 5.32 t a (2 .4 )
H-9 (2H) 2.43 dt (7 .0 , 2 .4)
H-10 (2H) 1.62 st (7 .3 )
H - l l  (3H) 1.03 t  (7 .3 )
♦Chemical sh ifts  are given in ppm re la tiv e  to Me^Si.
M u ltip le ts  are designated as follows: d, doublet; m, m u ltip le t whose 
center is given; s t ,  sextet; t ,  t r ip le t ;  br, broadened. Figures in 
parentheses are coupling constants or lin e  separation in hertz which 
were obtained from ^-resolved 2-D spectroscopy. 
aM u ltip le t appearing as a broadened t r ip le t .
in frared spectrum. The coupling patterns were corroborated by a *H to 
*H correlation experiment fo r which the spectrum is shown in Figure 1- 
29. The mass spectral data strongly support structure 16. The 
fragmentation patterns are shown in Scheme 1-11 and are in agreement 
with data reported in the l ite r a tu r e . 3 3  An absorption band at 314 nm 
in the UV spectrum fu rther substantiated structure 16, for the closely 
related compound, 17, exhibits a band at 313 nm in its  UV 
spectrum. 3 6  The *3C NMR data and assignments fo r lachnophyllum 
lactone are summarized in Table 1-15. The assignments fo r the 
acetylenic carbons were based on the data from the lite ra tu re  for 
MegC-CsC-LC^CH^R compounds, where R is an electron-withdrawing 
group.3  ̂ The chemical s h ift  of 6  94.96 fo r C- 6  was attribu ted  to the 
shielding a ffec t of the acetylenic bond and also C- 6  is the 3  carbon
OQ
of the enol lactone group.
(CH3) 3—  C S C — C H = ^ 3 = °
E
17
1.3 .1  Introduction
In continuation of our phytochemical investigation of the genus 
Aster, the aeria l parts of Aster adnatus Nutt, (from Tangipahoa
Figure 1 -2 9 .  200 MHz ( H, H) COSY-45 (with N-type s e l e c t i o n )
spectrum* o f  lachnophyllum la c to n e  (16 )  in CDCI3 a t
ambient tem perature.
7 6 3 a 1s 04
to.
♦Fourier transformation yielded a spectrum with 3.4 Hz/pt d ig ita l  
resolution in  both dimensions. Acquisition parameters: F1=F2=1738.3 
Hz, AQ=0.3 sec., NS=128, Dl=l sec. Chemical sh ifts  are given in ppm 
re la tiv e  to Me^Si.
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Scheme 1 -1 1 .  Mass sp e c tr a l  fragm entation  p a tter n s  o f  lachnophyllum
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m/z_ fragment % re la tiv e  abundance
162 [M]+ 58.3
147 [A ]+ 16.6
133 [B]+ 29.9






Table 1 -1 5 .  1:*C NMR data*  of lachnophyllum la c to n e  (16) a t  5 0 .3  MHz
in  CDC13 a t  ambient tem perature .





C- 6 94.96 d
C-7 74.77 s
C- 8 104.46 s
C-9 21 .79a t b
C-10 22.03a t b
C - l l 13.38 q
*The chemical sh ifts  were determined re la tiv e  to the CDClg absorption, 
and converted to the TMS scale using 6(CDC13 )=7 7 .Q0 ppm. Peak 
m u ltip lic ity  was determined by off-resonance decoupling.
Assignments interchangeable.
M u lt ip l ic i ty  was obtained from DEPT experiments.
Parish, Louisiana) were analyzed fo r th e ir  chemical constituents. 
Preliminary analysis by *H NMR spectroscopy (Figure 1-30) of the crude 
chloroform extract showed the absence of coumarins and the presence of 
chlorophylls and nonpolar compounds. The extract was subjected to the 
procedure outlined in the experimental section ( 1 . 6 ) and a fte r  several 
chromatographic separations, spinasterol and to a minor extent 
dihydrospinasterol were iso la ted . These two compounds are a^*22-  and 
A^-sterols, respectively and th e ir  structures were determined from 
spectroscopic data. Taxonomically, the occurrence of spinasterol and 
dihydrospinasterol in Aster is of importance because a^-sterols are
OQ
the major structural type found in the Compositae fam ily . 3  In 
general, 24a-a lky lstero ls  bearing a A^-bond are dominant in vascular 
plants.® A A^-sterol represents an intermediate along the
biosynthetic pathway from squalene oxide to a A5-stero l. Hence the
7 7 99occurrence of A -  and in p articu la r a * -s te ro ls  are rare because
biosynthetically the pathway proceeds to A5-sterols as evidenced by
the large occurrence of A5-stero ls .41
aThe stereochemical nomenclature is inverted fo r the side chain in
Figure 1 -3 0 .  NMR spectrum o f  th e  crude CHCI3 e x t r a c t  o f  A ster  adnatus at 200 MHz in CDCI3
at ambient tem perature.
7.0 6.0 5.0 4.0 3.0 2.0 0.0
o
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I t  is w ithin the Cucurbitaceae fam ily that the major type of 
sterols are 24-ethyl-A7 sterols with one or two additional double 
bonds.42.43 i n 1 9 7 4  j ac|a an(j co-workers*** reported the presence of 
spinasterol in the roots of Aster scaber. Since then Aster 
baccharoides*  ̂ is the only other species of Aster from which a 240- 
ethyl -A7-stero l was iso la ted , namely spinasterol. Additional 
phytochemical investigations of species of Aster are needed to 
determine i f  24a-ethyl-A7-stero ls  w ill be common or i f  the more common 
24a-alkyl-A**-sterols w ill predominate.
1 .3 .2  Structural Determination of Spinasterol
Spinasterol (1 8 ), CggH^gO, a so lid , exhibited signals in its  *H 
NMR spectrum typ ical of a sterol with more than one s ite  of 
unsaturation: methylene envelope from 6 0.8 to  6 2 .0 , C-18 and C-19 
angular methyl groups at 6 0.5 and 6  0 .8 , respectively and o le fin ic  
protons in the region of 6 5.0 to 6  5 .4 . The UV spectrum showed an 
end absorption at 213 nm indicating that the double bonds were not 
conjugated. A broad absorption band in the IR at 3441 cm"* indicated  
the presence of a hydroxyl group, which is  beta in configuration and 
attached to carbon-3 in monohydroxylated phytosterol s . ^  The 
isopropyl group of the side chain (C2 5 -C2 7 ) was indicated by a mass 
spectral fragment of mfz_ 43 (14.1%) and two bands in the infrared  
spectrum at 1383 and 1368 cm"* (C-H bending v ib ra tio n ).
Electron impact mass spectrometry proved to be a very useful, 
diagnostic tool for the structural determination of 18. Analysis of 
the mass spectral fragments revealed a A7,22-stero l with a molecular 
weight of 412 a.m .u .. A A22( 2^-bond was corroborated by high f ie ld
NMR studies fo r which the methyl group attached to C-20 appeared as a 
doublet at 6  1.03. Furthermore, a methyl group attached to a 
methylene group was indicated by a t r ip le t  at 6  0.81 and an ethyl 
group was assigned to C-24. The side chain assignments were 
substantiated by mass spectral fragments of m/z  ̂ 273 [M-SC]+ , m[z_ 272 
[M-SC-H]+ and m/z_271 [M-SC-2H]+. An E configuration was designated
OO 1
fo r the A -bond based on the absorption band at 970 cm in the 
in frared spectrum which is ind icative  of an E disubstituted double 
bond. The A7^8^-bond was assigned based on key fragments in the mass 
spectrum which resulted from the retro -D ie ls-A lder reaction:
Structure 18 was proposed fo r spinasterol and confirmed by obtaining 
mass spectral data for chondrillasterol (1 9 ), i ts  C-24 epimeric 
isomer. The results are presented in Table 1-16. Moreover, 
inspection of u ltra v io le t and in frared data of chondrillasterol also 
provided further support for the structure of spinasterol. The 
stereochemistry fo r spinasterol follows 5<x-cholestanol (2U). 4 5
H
Table 1 -1 6 .  Mass sp e c tr a l  data  o f  19 and 18.
% Relative Abundance 
m/z_ Fragment TChondrillasterol (19) Spinasterol (18)
RT= RT=
24.38 min. 24.37 min.
412 [M]+ 34.2 28.6
397 [ m- ch3] + 11.4 9.4
379 [m-ch3 -h 2 o ]+ 1 . 1 * 1.9
369 [m- ch(ch3) 2] + 10.3 9.3
351 [M-CH(CH3 ) 2 -H2 0 ]+ 5.4 5.0
327 [M-85]+ 0.9^ 1.5
301 [M-C7 Hn 0 ]+ 3.8 3.8
300 CM-A]+ 1 2 . 8 12.7
273 [M-SC*]+ 24.5 23.9
272 [M-SC-H]+ 23.9 23.2
271 [M-SC-2H]+ 1 0 0 . 0 1 0 0 . 0
255 [M-SC-H2 0 ]+ 36.7 38.6
253 [M-SC-H2 0-2H]+ 8.4 8 . 2
246 [M-166]+ 14.9 14.9
231 [m-sc-c3 h6] + 1 2 . 8 13.0
229 [m-sc-c3 h8] + 14.4 14.1
213 [m-sc-c3 h6 -h 2 o]+ 14.9 13.9
161 [B-SC]+ 21.7 19.9
94 [A-H2 0 ]+ 12.5 1 0 . 6
81 [M-331]+ 75.0 61.8
43 [ ch(ch3) 2] + 19.0 14.1
*side chain (SC)
♦threshold of 3.
^Provided by Mr. Kenneth W ilzer, J r . of the United States Department 
of A gricu lture, B e lts v ille , Maryland.
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24a-Ethyl-5a-cholesta-7,22-dien-3g-ol (spinasterol) occurs in higher 
plants whereas 24g-ethyl-5a-cholesta-7,22-dien-3g-ol 
(ch o n d rillas te ro l) is  found in lower p lants. The stereochemistry 
fo r 18 was fu rther corroborated by high f ie ld  (400 MHz) NMR studies 
of 18 and chondrillasterol (19) and the results are summarized in 
Table 1-17. The major differences in the spectra occur fo r the methyl 
groups attached to C-25. In ch o n d rillas te ro l, the C-26 and C-27 
methyl groups are doublets at 6 0.83 and 6  0 .85 , whereas in 
spinasterol the doublets appear at 6  0.80 and 6  0 .85, a small but 
discernib le d ifference. In addition , the methyl group at C-28 appears 
s lig h tly  more downfield fo r spinasterol. These results are in  






Table 1-17. *H fMR data* fo r sterols 18, 19 and 21 at 400 MHz 1n CDCI3 at ambient temperature.
aAssignm ent bD 1 h yd rosp1nas te ro l (2 1 ) bS p in a s te ro l (1 8 ) bC h o n d r i l la s te r o l  (1 9 )
H-18 [3 H ,s ] 0 .537 0 .552 0 .551
H-19 [3 H ,s ] 0 .795 0 .800 0 .8000
H-21 [3 H ,d ] 0 .9 28  ( - 6 .2 ) 1 .027 (6 .7 ) 1 .030  (6 .7 )
H-26 o r  27 [3 H ,d ] 0 .817  ( - 6 .4 ) 0 .801  ( - 6 .4 ) 0 .827  ( - 7 .3 )
H-26 o r  27 [3 H ,d ] 0 .8 3 8  ( - 6 .7 ) 0 .8 50  ( - 6 .3 ) 0 .8 46  ( - 6 .4 )
H-29 [ 3 H , t ] 0 .847  ( - 7 .3 ) 0 .807  (7 .3 ) 0 .801  ( - 6 .4 )
H-3 [ lH ,m ] 3.597 3.597
H-7 [ lH . b r  s ] 5 .161 5 .166
H-22 o r  23 [ lH .d d ] 5 .026  ( - 7 .6 ) 5 .032  ( - 7 .6 )
H-22 o r  23 [ lH .d d ] 5 .160  ( - 7 .6 ) 5 .166  ( - 7 .5 )
♦Chem ical s h i f t s  a re  g iv e n  in  ppm r e la t iv e  t o  Me4S 1. M u l t i  p ie ts  a re  d e s ig n a te d  as fo l lo w s :  
d ,  d o u b le t ;  m, m u l t i p le t  whose c e n te r  i s  g iv e n ; s ,  s in g le t ;  t ,  t r i p l e t ;  b r ,  b ro a d . 
aF1gures in  pa ren th e se s  a re  number o f  p ro to n s  and m u l t i p l i c i t i e s ,  r e s p e c t iv e ly .
^ F ig u re s  in  p a ren theses  a re  c o u p lin g  c o n s ta n ts  in  Hz.
The presence of 22,23-dihydrospinasterol (21) as a minor 
constituent was ascertained from GC-MS and NMR data. 22,23- 
Dihydrospinasterol is a A^-sterol which eluted (RT=24.72 min.) a fte r  
spinasterol and showed a molecular ion of 414 a .m .u .. The fragment 
corresponding to loss of the side chain (m/z 273) remained the same, 
substantiating a A'7-bond. In add ition , a saturated side chain was 
corroborated in the *H NMR spectrum, by the upfield  s h ift  of the 
doublet for H-21 to 6  0.93 (Table 1 -17). Furthermore, spinasterol and 
22,23-dihydrospinasterol co-occur where dihydrospinasterol is  present 
as the minor s te ro l.4^
1.4 Phytochemical Screening of Nine Aster Species
In addition to the phytochemical investigation of Aster 
praealtus, nine other species of Aster from the southeastern area of 
the United States, except Aster umbel!atus from Pennsylvania, were 
examined. Table 1-18 l is ts  species, co llection  sites and extraction  
procedures. Typ ica lly , the aeria l parts of the plant were a ir -d r ie d ,  
ground and extracted by soaking in the appropriate solvent. In 
general, the dried , ground plant material was separated into  compounds
Tab la  1-15. k tt«r apcctts m <  far phytocftaartcal s c r**it*|.
boacbar Callactloa S ttt P lait parti
Plant ta ttar Im tatlgatad
M ir  adnatns CUP? Tangipahoa Parish, LA asrlal
A sttr eoncolor CUM Tangipahoa P lH tl, LA a tria l
Asttr dunosnt x 1 at t r l floras 60571
C0572
East Baton Bongs Parish* LA a tria l
A sttr la ttriflo n rs cuo» East Baton Rongt Parish, LA a tria l
Asttr la ttiiflo n is 64999 East Baton Rongt Parish. LA a tria l
A sttr ptttfts 61606 Tangipahoa Parish, LA a tria l
Asttr oraaaltns 60446 East Baton Bongs Parish, LA a tria l
A sttr orataltns 64364 East Baton Bongs Parish, LA roots
Asttr spinosus 1206 Travis Coonty, TX a tria l
A sttr sobnlatas var* llo o ltttis 61601 East Baton Bongs Parish, LA a tria l
A sttr subulatns var* Hqulates 64366 East Baton Bongs Parish, LA roots
Asttr ttnu lfo lios 1359 Jackson Coaoty, TX a tria l
A sttr M tellatos Alltghanr Rational Fortst, 
BlOgsntj, PA
a tria l
Flpar* naabar far ZOO Mb *H M t apdctra* of sn ta  attract 
Crada Extracts
Ipnila mkataaa or cictloraaathana 'e d * ijn a  patralaaa athar/EttO
patralaaa ctkar or e ll or  of ora  froa Scfeaaa 1*12 s tk /l acatata aatkaaal (2 :1 ), iM H -aftractt
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based on th e ir  p o la ritie s  by f i r s t  extracting the plant with a 
nonpolar solvent such as hexane or petroleum ether, then in a solvent 
of medium p o larity  lik e  dichloromethane or chloroform and f in a lly  in a 
polar solvent, methanol. At the very le a s t, plants were extracted in 
chloroform and methanol while at the very most hexane, dichloro­
methane, ethyl acetate and methanol were used fo r extractions. A fter  
extraction in a p artic u la r solvent, the mixture was f i l te re d  by 
suction and the solvent was removed in vacuo. All extracts were 
monitored by NMR spectroscopy. I f  the roots were examined, they 
were cut into  small sections and extracted with petroleum 
ether/d ie thy l ether (2 :1 ) .  The mixture was f i l te re d  and then the 
roots were extracted in methanol. A fter f i l t r a t io n ,  the f i l t r a te s  
were combined and the solvents were removed in vacuo. A few of the 
crude dichloromethane (or chloroform) extracts were subjected to a 
procedure for the iso lation  of terpenoids and low p o larity  compounds 
as outlined in Scheme 1 -1 2 .^
The *H IWR spectra of the crude hexane and dichloromethane 
extracts of the aeria l parts of Aster praealtus (No. 60446) contained 
prenylated coumarins (Figures 1-47 and 1 -48). Furthermore, the 
spectra of these extracts exhibited signals that were diagnostic of 
the particu la r type of substitution pattern , s p e c ific a lly  a 7- 
alkoxycoumarin. The three doublets at 6  6 .3 , 6  7.4 and 6  7.6 and the 
m ultip le t at 6  6.9 corresponded to H-3, H-5, H-4 and H- 6  and H- 8  
protons, respectively. This was even clearer when the dichloromethane 
extract was subjected to the procedure outlined in Scheme 1-12 (Figure 
1 -2 ). Section 1 outlines the p articu la r coumarins which were 
iso la ted . The root extract of Aster praealtus also showed the
69
DRIED, GROUND PLANT MATERIAL (500 g)
CHClg or CH2 C12  (3 i )
CRUDE EXTRACT 
EtOH ( l£ )
PLANT FATS (p p t.) + TERPENOID SOLUTION
U  -  aq. solution [5% Pb(QAc)2 *2H2 0J
TERPENOID SOLUTION + PHENULICS, CHLOROPHYLLS (p p t.)
Remove EtOH in vacuo
OIL/WATER MIXTURE
3 x 200 ml. CHCI3  
F i lte r  and Evaporate
CRUDE SYRUP (0 .5  -  10 g)
Scheme 1-12. Extraction procedure fo r the iso la tion  of terpenoids and 
low p o la rity  compounds.
Figure 1 -5 1 .  XH WIR o f  th e  crude e x tr a c t  of th e  roo ts  o f  A. p r a ea ltu s  (CDC13 , ambient tem perature) .
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p resen ce  o f  7-alkoxycoum arins (F igure 1 - 5 1 ) .
The other species of Aster which were investigated contained no 
coumarins. The *H NMR spectra for the nonpolar and medium po larity  
extracts indicated chlorophylls and nonpolar compounds. The spectra 
often displayed signals in the region of 6  5.3 which are 
characteris tic  of o le fin ic  protons. In order to see i f  *H NMR 
spectroscopy was a re lia b le  check fo r these extracts , the crude 
chloroform extract fo r Aster adnatus was fu rther extracted according 
to the procedure in Scheme 1-12. The crude syrup was then 
chromatographed by column chromatography with an elution scheme which 
separated the extract in to  classes of compounds: hexane, hexane/CgHg 
(1 :1 ), C6 H6 , C6 H6 /E t20 (3 :1 ), C6 H6 /E t20 (1 :1 ) , EtgO, Et2 0/Me0H (9 :1 ) 
and MeOH. The fractions were monitored by TLC and NMR 
spectroscopy. The *H NMR spectra again showed mainly chlorophylls and 
nonpolar compounds. Further chromatographic separations of the 
CgHg/Et20 (1:1) fraction  u ltim ately  led to the iso lation  of 
spinasterol (18) and dihydrospinasterol (2 1 ). The crude syrup (Figure 
1-57) fo r Aster subulatus var. ligu latus (No. 61608) was 
chromatographed by column chromatography with the elution scheme 
described above. The *H MR spectra of the fractions also showed 
chlorophylls and nonpolar compounds. One of the main constituents of 
the crude dichloromethane extract of Aster spinosus was lachnophyllum 
lactone (fo r discussion see section 2 ) fo r which signals corresponding 
to the ring protons and the propyl moiety were observed in the NMR 
spectrum of the crude ex trac t.
In view of the above find ings, fu rther phytochemical 
investigations within Aster are needed in order to determine which
Figure 1 -5 7 .  NMR spectrum o f  the  crude syrup o f  A. subulatus  v a r .  l i g u l a t u s  (CDCI3 , ambient
tem perature) .
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type of compound(s) could be used as chemosystematic marker(s) to aid 
in the c lass ifica tio n  of species w ithin the genus. Acetylenes, 
coumarins, diterpenes and triterpenes appear to be the major type of 
compounds found in species of Aster investigated thus fa r .  One areai 
of future work could involve the analysis of the crude methanol 
extracts . The *H NMR spectra of the methanol extracts of the species 
lis te d  in Table 1-18 showed peaks in the downfield region 
characteris tic  of flavonoids and a broad band from 6 3.0 to  6 4.0  
ind icative  of glycosides. The methanol extract of Aster umbel!atus 
(Figure 1-65) was partitioned  between 1-butanol and water. The NMR 
spectra (Figures 1-66 and 1-67) showed that the flavonoid glycosides 
partitioned between both layers. The *H NMR spectra fo r the crude 
extracts of the other species of Aster lis te d  in Table 1-18 are in 
Appendix I .
1 .5 . V o la tile  Constituents of Four Aster Species
In view of the results presented in the preceding section, the 
v o la tiles  of several species of Aster were investigated. This type of 
work has not been carried out before. Furthermore, species of Aster 
have exhibited a lle lo p a th ic  a c tiv ity  which is often caused by plant 
volatiles .^®  Aster praealtus, Aster subulatus var. ligu latus and two 
collections of Aster la te r if lo ru s  were collected and stored in the 
freezer un til analysis.
Figure 1-68 shows the high vacuum apparatus which was used fo r  
the low temperature co llection  of the v o la tile  constituents. Dewars 
f i l le d  with liq u id  N2  were placed around traps A and B and valves 1 to 
3 were opened to the vacuum. Plant m ateria l, 1.0 -  2.0 g .,  was cut
Figure 1 -6 5 .  *H NMR spectrum of th e  crude MeOH e x tr a c t  o f  A. um bellatus (DMSO-dg,
ambient tem p era tu re) .
1.0 0.03.05.0 4.0 2.07.0 6.08.0
F igure 1
% !
-6 6 .  1H NMR spectrum o f  the  1-butanol la y e r  from th e  p a r t i t io n in g  of the  crude MeOH e x tr a c t
between 1-butanol and water (DMSO-dg, ambient tem p era tu re) .
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Figure  1 -6 7 .  NMR spectrum o f  the  aqueous la y e r  from th e  p a r t i t io n in g  o f  th e  crude MeOH e x tr a c t
between 1-butanol and water (DMSO-dg, ambient tem p era tu re) .






















1-68. High vacuum apparatus used fo r the co llection  of 











in to  strips and placed in trap C. Dewars f i l le d  with liqu id  ^  were 
placed around traps C and D and a fte r  the plant material was frozen, 
valve 6 was opened to the vacuum. When a pressure of 0.05 -  0.02?5 mm 
of Hg was obtained, valve 6 was closed. The Dewar around trap C was 
removed and as the trap reached room temperature, co llection  of 
v o la t ile  compounds could be seen in trap D. The co llection  period 
ranged from 4 to 10 hours (Table 1-19). The v o la tile  constituents 
were then worked up and analyzed by the procedures referred to in 
Table 1-19. The experimental section (1-6 ) discussed the work-up 
procedures and GC-MS methods in d e ta il.
f
T a b le  1 -1 9 . D ata Surnnary o f  C o lle c t io n s  and QC-MS Methods o f  th e  V o la t l le s  from  A s te r  S p e c ie s .
P la n t Amount o f  P la n t 
M a te r ia l ,  g .
mm o f  
Hg
C o l le c t io n  






F ig u re  No.
A s te r  p ra e a ltu s 1 .2 0 .0 5 8 1 1 1-69
A s te r  p ra e a ltu s 1 .3 0 .025 10 I I 3
A s te r  l a t e r l f l o r u s 1 .8 0 .025 6 I I I 2 1-70
(N o . 64999)
A s te r  l a t e r l f l o r u s 1 .0 0 .05 8 I 1 1-71
(N o. 64999)
A s te r  l a t e r l f l o r u s 0 .9 0 .0 5 8 .5 I I 2
(N o. 64999)
A s te r  l a t e r l f l o r u s 1 .3 0 .05 8 I 1
(No. 65321)
A s te r  l a t e r l f l o r u s 1 .7 0 .05 8 .5 I I 2
(N o. 65321)
A s te r  l a t e r l f l o r u s 1 .2 0 .0 38 6 I I I 2 1 -72
(N o. 65321)
A s te r  s u b u la tu s  v a r . 1 .3 0 .0 5 8 I 1
H g u la tu s
A s te r  s u b u la tu s  v a r . 1 .5 0 .0 5 10 I I ' 2 1-73
H y u la tu s
A s te r  s u b u la tu s  v a r . 1 .1 0 .025 4 I I I 2
H g u la tu s
The v o la tile  extracts were analyzed by GC-MS. Separation of the 
compounds was achieved with an OV-1 bonded phase column using 
temperature programming. This type of column affected separation 
based on molecular weight. Compounds were id e n tifie d  by using the 
computerized mass spectral search system* from Hewlett Packard: 
Flavor-Fragrance, 59817D National Bureau of Standards Subset 
Library. Since co llection  of the v o la tile  compounds fo r each of the 
four plants was repeated several times, the best chromatographic runs 
were used fo r lib ra ry  searching (see Figures 1-69 to 1 -73).
The computerized mass spectral search system, used fo r the 
id e n tific a tio n  of the natural products, employs probability  based 
searching. This system incorporates two important features: ( i )  data 
"weighting", s p e c ific a lly  mass and abundances; ( i i )  "reverse 
searching", i . e .  the search compares the peaks of the reference 
spectrum (natural product) to that of the unknown spectrum (lib ra ry  
compound). Figure 1-74 shows an example of the result of a lib ra ry  
search in which the top spectrum corresponds to the natural product 
and the bottom spectrum to  the lib ra ry  compound. The bottom portion 
l is ts  serial numbers fo r Chemical Abstracts Service (CAS), 
Environmetal Protection Agency (EPA) and the National Bureau of 
Standards (NBS). I t  also gives the molecular formula and weight. The 
match factor (0 .9773), which id e a lly  should be 1.0000, weights the 
whole spectrum whereas the m u ltip lie r  (0 .78) is based on the match of 
the base peaks; both are important factors when determining the 
r e l ia b il i t y  of a match. "Contaminated" refers to peaks which are much 
larger in the natural product than in the lib ra ry  spectrum.
Figure 1-69. Gas-Liquid chromatogram for the v o la tile  constituents of Aster praealtus.
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F igure 1 -7 0 .  Gas-Liquid chromatogram fo r  th e  v o l a t i l e  c o n s t i tu e n t s  of Aster l a t e r i f l o r u s
(No. 64999, GC-MS method # 2 ) .
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Figure 1 -7 1 .  Gas-Liquid chromatogram fo r  th e  v o l a t i l e  c o n s t i tu e n t s  of Aster  l a t e r i f l o r u s
(No. 64999, GC-MS method # 1 ) .
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Figure 1-73. Gas-Liquid chromatogram for the v o la tile  constituents of Aster subulatus 
var. lig u la tu s .
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Figure 1 -7 4 .  Comparison o f  th e  mass spectrum of camphene with th e  l ib r a r y  compound.
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Several of the compounds id en tifie d  from the lib ra ry  search were 
fu rther v e rified  by comparison of the retention time and mass spectrum 
of each standard to those of each natural product. Figure 1-75 shows 
the standards fo r which retention times and mass spectra were 
obtained. The retention time (and mass spectrum) fo r each standard 
was determined by using temperature programming. Then the standards 
were combined into three groups and retention times (and mass spectra) 
fo r the compounds in each group were determined by use of three  
d iffe re n t temperature programs (Table 1 -20). The v o la tile  extracts  
fo r Aster praealtus and Aster la te r if lo ru s  (No. 64999) were collected  
again and GC-MS data were obtained under the same conditions as the 
standards under three d iffe re n t temperature programs). The
cross-checking of the standards with the natural products was carried  
out over a three day period, and a solvent blank was run before the 
analysis of each v o la tile  extract or a group of standards. The 
results fo r the four plants are presented in Tables 1-21 to  1-24.
Analysis of the v o la t ile  extracts fo r Aster praealtus, Aster 
subulatus var. lig u la tu s , Aster la te r if lo ru s  (No. 64999) and Aster 
la te r if lo ru s  (No. 65321) resulted in monoterpenes and sesquiterpenes 
as the major types of compounds. Figure 1-76 shows the compounds 
(mainly sesquiterpenes), other than the ones that were cross-checked 
with standards, that were also found in some of the extracts  
( id e n tif ie d  by lib ra ry  searching).
The v o la tile  compounds found in Aster praealtus are summarized in 
Table 1-21. The compound with a retention time of 4.23 min. is  
probably e-pinene rather than sabinene based on its  match facto r and 
retention time and because of the presence of the biogenetically
Figure 1-
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Table 1-20. Retention Times (RT)* fo r Monoterpene and Sesquiterpene Standards





















4 0 °C -lm 1 n .,
5 °C /m 1n .,
180oC - lm in .
RT, m1n.
4 0 ° C - lm in . ,  
RT, m in .*
1 0 °C /m in .,  
RT, m in .
280°C -  0 m in . 
RT, m1n.
6 0 ° C - lm in . ,
1 0 °C /m in .,
300°C -5m in .
RT, m1n.
M o le c u la r
1on ,
[Mr
( l f l) - (+ ) -a -P 1 n e n e 22 2 3 .98 3 .4 0 3 .4 0 . 3 .3 8 2 .17 136
( lS ) - ( - ) -a -P 1 n e n e 23 1 4 .00 3 .4 3 3 .4 0 3 .38 2 .17 136
Camphene 24 3 4 .22 3 .55 3 .5 5 . 3 .53 2.27 136
( li? ) ,(5 5 )- (+ ) -S a b 1 n e n e 25 1 4 .77 3 .90 3 .90 3 .88 2 .52 136
B-P inene 26 2 4 .7 8 3 .92 3 .93 3 .90 2 .55 136
Myrcene 27 3 5 .30 4 .2 2 4 .1 8 4 .17 2 .72 136
o -P h e lla n d re n e 28 1 5 .4 8 4 .3 3 4 .3 3 4 .30 2 .83 136
u-Terp1nene 29 2 5.77 4 .52 4 .5 2 4 .5 0 2 .98 136
p-Cymene 30 1 5.87 4 .5 7 4 .5 5 ' 4 .53 3 .00 134
(4S )-d -L im onene 31 3 6 .0 8 4 .6 8 4 .6 8 . 4 .67 3 .12 136
y -T e rp in e n e 32 1 6 .82 5 .10 5 .1 0 ! 5.07 3 .45 136
L in a lo o l 33 1 7 .87 5 .6 8 5 .6 7 ' 5 .65 3 .92 154
( lS ) - ( - ) -C a m p h o r 34 1 8 .47 6 .07 6 .0 5 6 .05 4 .32 152
( li? )-(+ )-C a m p h o r 35 2 8 .4 3 6 .0 7 6 .0 5 . 6 .0 2 4 .3 2 152
[2s ,Sr) i-M en thone 36 1 8 .90 6 .2 8 6 .2 8 ' 6 .27 4 .50 154
[ ( 1 5 ) -e n d o ]- ( - ) -B o rn e o l 37 2 9 .2 8 6 .5 2 6 .4 8 6 .4 5 4 .67 154
( - ) -B o rn e o l 38 1 9 .3 3 6 .5 5 6 .5 2 ; 6 .4 8 4 .6 8 154
L in a ly l  a c e ta te 39 1 12.08 7 .9 0 7 .8 9 ! 7 .87 5.97 196
t-B o rn y l a c e ta te 40 1 12.58 8 .2 3 8 .20? 8 .17 6 .27 196
G eranyl a c e ta te 41 1 15.25 9 .5 2 9 .51? 9 .5 0 7 .53 196
C a ry o p h y lle n e  o x id e 42 1 19.70 11 .93 11.92 11.92 9 .92 220
*30n x U.25IUH l . d . ,  u.2um f i l m  th ic k n e s s ,  OV-1 bonded phase co lum n; s p l i t l e s s
in je c t io n  mode; in je c t io n  te m p e ra tu re  o f  250°C ; m/z 3 6 , 440 ; scan c y c le  t im e  o f  1 .0  s e c . ;  th re s h o ld  o f  5 ; 
A /0  *  2 .
£ach  s ta n d a rd  chrom atoyraphed I n d iv id u a l ly .  
RT rem ained th e  same f o r  th re e  ru n s .















*an arte fac t
closely related a-pinene. In add ition , the compound with a retention  
time of 5.03 min. corresponded to bornylene or limonene. 
Biogenetically, i t  is probably bornylene due to  the presence of 
borneol, camphor and bornyl acetate. The compound with a retention  
time of 5.50 min. (unknown 1) could not be id en tifie d  and displayed 
ions in the mass spectrum at m/z:154 [M]+, 139, 121, 111, 93, 81, 71 
(base peak), 55 and 43. Unknown 2 (retention  time of 9.87 min.) was 
sim ilar to the sesquiterpene a-longipinene (55) with characteris tic  
ions at m/z: 204[M]+, 189, 175, 161, 147, 133, 119, 105 (base peak), 
79, 55 and 41. Unknown 4 (RT = 12.17 min.) is probably a 
sesquiterpene with a molecular weight of 204 displaying other 
characteris tic  ions at 189, 161, 147, 133, 121 (base peak), 107, 105, 
93, 91, 81, 67, 50, 41. The spectrum fo r unknown 3 (RT = 10.65 min.) 
was very s im ilar to S-cubebene C and may represent an isomer of 51.
The stereochemistry for the compounds, fo r example (1 /?)- or ( ls ) -a -  
pinene, could not be d iffe re n tia te d  by mass spectrometry.
Furthermore, depending on the stereochemistry at the ring junction  
fo r 46, a d iffe re n t name w ill result (Figure 1 -77). Although 
compounds with a cis or a trans ring junction w ill d if fe r  in retention  
times^9, a ll isomers would be needed fo r correlation  with the natural 
product.
The v o la tile  constituents of Aster la te r if lo ru s  (No. 64999), 
which are summarized in Table 1-22, were s im ilar to Aster praealtus 
with the addition of a-phellandrene and £-cymene. Unknown 5 was 
s im ilar to 46 but due to the low percentage of th is  compound, the mass 
spectrum was not high enough in qua lity  fo r a re lia b le  assignment.
The other Aster la te r if lo ru s  (No. 65321) co llection  contained sim ilar
compounds but lesser in number. F in a lly , Aster subulatus var. 
ligu latus (Table 1-24) contained s im ilar monoterpenes and 
sesquiterpenes with the m ajority of the extract constituting  
monoterpenes.
93
Figure  1 -7 7 .  C o n fig u ra t io n a l  isom ers o f  46.
(-)-y-muurolen
(-)-y-amorphene
(+ )-Y -cad in en e
Table 1-21. Volatile  Constituents* of Aster praealtus
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F a c to r
4 0 °C -lm 1 n .,
5°C /m1n.
l8 0 °C -lm 1 n .
RT, m1n.
4 0 °C -lm 1 n .,
l0 °C /m 1 n .,
280°C-0m1n.
RT, m1n.
6 0 * C - lm in . ,
1 0 °C /m in .,
300°C-5m1n.
RT, m1n.
a-P1 nene 22 o r  23 3.67 4 .2 8 4 .03 3 .4 0 2 .18
Camphene 24 3 .83 0 .57 0 .9 8 4 .25 3.55
B-P inene or 26 4 .2 3 13.53 0 .9 8 4 .8 3 3 .95 2 .55
(17?, 5 S )-(+ )-S a b 1 n e n e  25 0 .9 4
Myrcene 27 4 .52 5 .4 2 0 .91 5 .32 4 .1 8 2 .7 3
B o rn y le n e  o r 43 5 .03 8 .67 0 .9 8 6 .10 4 .6 8 3 .15
(4s)-d-L1m onene 31 0 .9 8
Unknown 1 5 .50 2 .9 2 6 .90 5 .15 3 .5 3
Camphor 34 o r 35 6 .40 0 .9 4 0 .91 8 .45 6 .0 5 4 .32
Borneo l 37 o r  38 6 .87 2 .17 0 .9 8 9 .32 6 .4 8 4 .6 8
en d o -B o rn y l a c e ta te 40 8 .6 0 1 .67 0 .9 5 12.60 8 .2 0 6 .3 0
6-Elemene 44 9 .50 1 .12 0 .9 7 14.30 9 .0 8 7 .15
Unknown 2 9 .87 1.27 14.98 9 .47 7 .52
45 10.02 2 .31 0 .9 8 15.23 9 .5 8 7 .6 3
46 10.17 3 .6 0 0 .9 3 15.57 9 .7 5 7 .8 0
B-Elemene 47 10.20 3 .38 0 .9 4 15.63
C aryophy l lene 48 10.53 4 .1 9 0 .9 2 16.20 10.10 8 .1 3
Unknown 3 10.65 0 .4 2 16.43 10.22 8 .27
a-Bergam otene 40 10.78 0 .36 0 .9 8 16.8U 1U.35 8 .4 0
a-Humulene 50 10.95 2 .92 0 .9 8 16.97 10.50 8 .5 5
B-Cubebene 51 11.37 26.11 0 .97 17.77 10 .90 8 .9 3
E rem oph ilene 52 11.60 2 .5 0 0 .9 3
Unknown 4 12.17 0 .51 19.35 11.72 9 .7 3
*30m x  d.2bnm i . d . ,  U .2 i* i f i lm  tn ic k n e s s ,  OV-1 bonded phase co lum n; s p l i t  le s s
In je c t io n  mode; I n je c t io n  te m p e ra tu re  o f  250°C ; m /z 3 5 , 440 ; scan c y c le  t im e  o f  1 .0  s e c . ;  th re s h o ld  o f  5 ; 
A/D « 2.
Table 1-22. Volatile Constituents* of Aster la te rlflo rus  (Ho. 64999)
S tr u c tu ra l S t r u c tu ra l *4 0 °C -lm 1 n . ,  5 °C /m 1n., l8 0 °C -lm 1 n . +4 0 °C -lm 1 n ., t 4 0 °C -lm 1 n ., W c - l m l n . ,
Name Number 5°C /m 1n ., l0 °C /m 1n . lO °C /m 1n .,
X T o ta l Match
1 8 0 °C -lm in . 280°C -0 m in . 300°C-5m1n.
RT, m1n. Peak Area F a c to r RT, m1n. RT, m in . RT, m in .
a-P1nene 22 o r 23 4 .57 18.63 4 .00 3 .37 2 .17
Camphene 24 4 .77 3.36 0 .98 4 .22 3 .53
B -P lnene o r 26 5 .3 3 26.67 0 .98 4 .7 8 3 .90 2 .5 3
( l i? ,  5 S )-(+ )-S a b in e n e  25 0 .98
Myrcene 27 5 .78 8 .5 4 0 .98 5 .32 4 .2 2 2 .7 3
a -P h e l1andrene 28 5 .98 2 .55 0 .98
p-Cymene 30 6 .35 4 .4 8 0 .98
B o rny lene  o r 43 6 .5 8 15.16 0 .98 6 .07 4 .67 3 .12
(4S)-d-11m onene 31 0 .98
B orneol 37 o r 38 9 .8 2 1.62 0 .97 9 .2 8 6 .4 8 4 .6 7
end o-B o rn y l 40 *6 .8 7 4 .88 0 .94 12.57 8 .1 8 6 .2 7
a c e ta te
45 8 .27 1.22 0 .90 15.22 9 .57 7 .6 2
Unknown 5 8 .4 3 3 .83 15.53 9 .75 7 .7 8
B-Elemene 47 0 .7 0 15.61
C a ry o p h y lle n e 48 8 .7 5 3.75 0 .8 8 16.13 10.07 8 .0 8
a-Humulene 50 9 .1 8 2 .52 0 .95 16.93 10 .48 8 .50
B-Cubebene 51 9 .5 0 31.41 0 .95 17.58 10.78 8 .8 2
*3Cm x 0.25mm 1 . d . ,  0.2pm f i lm  th ic k n e s s , 0V-1 bonded phase co lum n; s p H t le s s  I n je c t io n mode; I n je c t io n te m p e ra tu re  o f
250°C .
*m /z  35 ,  440 ; scan c y c le  t im e  o f  1 .0  s e c . ;  th re s h o ld  o f  5 ; A/D 11 2 .
*6 .8 7  m in . t o  9 .5 0  m in . a re  r e te n t io n  tim e s  o b ta in e d  under th e  fo l lo w in g  c o n d it io n s :
60°C -1 m in . ,  10°C /m 1n ., 300°C-5 m in . ;  m/z 35 , 600; scan d e la y  o f  2 .5 ,  th re s h o ld  o f  10; A/D » 2 .







. ,  5°C/min., 180°C-lmin. 
%Total Peak Match 
Area Factor
B-Pinene or 26 3.30 14.18 0.98
(Iff, 5s)-(+)-Sabinene 25 0.98
Bornylene or 43 5.17 40.89 0.95
(45)-d - Limonene 31 0.91
endo-Bornyl acetate 40 12.87 0.64 0.91
Caryophyllene 48 16.63 7.66 0.81
B-Cubebene 51 18.17 11.49 0.95
y-Elemene 54 18.55 4.10 0.79
Artefact 53 18.85 14.44 0.96
*30 m x 0.25 mm i . d . , 0 . 2  urn film  thickness, 0V-1 bonded phase column;
sp litless  in jection  mode; in jection  temperature of 250°C; m/z 35, 440; 
scan cycle time of 1.0 sec.; threshold of 5; A/D = 2.
The e a r lie r  retention times are o ff because the oven temperature had not 
equilibrated prior to the run. The in jection could not be repeated due 
to evaporation of the sample.
Table 1-24. Volatile  Constituents* of Aster subulatus var. Ugulatus
S t r u c tu ra l S t r u c tu ra l t 6 0 °C -lm 1 n ., 1 0 °C /m in ., 300 °C-5m1n. *40°C -1 m in . ,  5 °C /m 1 n ., 180°C -1 m in .
Name Number RT, m1n. t  T o ta l Peak Match RT, m1n. % T o ta l Peak Match
Area F a c to r Area F a c to r
a-P1nene 22 o r  23 2 .82 3 .33
Camphene 24 2 .95 2 .34 0 .79
B-P inene o r 26 3 .20 4 0 .50 0 .9 8 5 .2 3 10.18 0 .9 4
(11?, 5 s )-(+ )-S a b 1 n e n e 25 0 .9 5 0 .9 3
Myrcene 27 3 .35 3 .86 0 .71
B o rn y le n e  o r 43 3 .75 43 .56 0 .97 6 .5 7 12.27 0 .9 6
(4S )-d -L im o n e n e 31 0 .9 4 0 .96
Borneol 37 o r  38 9 .8 8 5 .02 0 .9 6
e n d o -B o rn y l a c e ta te 40 13.25 16.21 0 .9 4
C a ry o p h y lle n e 48 16.88 5 .75 0 .7 8
B-Cubebene 51 1 8 .33 3 5 .38 0 .97
A r te fa c t 53 19.03 3.06 0 .9 0
in je c t io n  te m p e ra tu re  o f  250°C.
% / z  35 ,  600 ; scan c y c le  t im e  o f  1 .4  s e c . ;  th re s h o ld  o f  10; A/D = 2 . 
*m /z  35, 440 ; scan c y c le  t im e  o f  1 .0  s e c . ;  th re s h o ld  o f  5 ; A /0  =* 2 .
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1.6 Experimental 
M aterials and Instrumentation
The following chromatographic m aterials and instrumentation were 
used fo r the iso lation  of the natural products and the data 
col lec tion .
A Wiley M ill (Model 4, motorized, Arthur Thomas Co.) with a 3 mm 
mesh screen was used to grind dried plant m ateria l.
S ilic a  Gel G, UV-254 was used fo r routine TLC analysis (Brinkmann 
Instruments C o .). Anasil GF (1 mm. layer thickness, 20x20 cm., 
Foxboro/Analabs) and S ilic a  Gel HLF (1 mm. layer thickness, 20x20 cm., 
Universal S c ie n tific  In c .) were used fo r prep. TLC. S ilic a  g e l, 60- 
200 mesh, was used for column chromatography (J . T. Baker Chemical 
Co.).
Chromatographic columns were silanized in the following manner: 
The column was rinsed with toluene, f i l le d  with 95% toluene/5% 
dichlorodimethylsilane (Aldrich Chemical C o .), and allowed to s it  for 
15 minutes. The column was drained and then rinsed with toluene.
Sand and glass wool were also s ilan ized .
Nuclear magnetic resonance (NMR) spectra were recorded at 200 MHz 
with a Bruker WP 200 Fourier transform NMR spectrometer ( f ie ld  
strength of 4.7 te s la ) or at 400 MHz with a Bruker AM 400 Fourier 
transform NMR spectrometer ( f ie ld  strength of 9.4 te s la ) with 
deuterated chloroform, benzene or acetone as solvent and
13tetram ethylsilane as an in ternal NMR standard. Carbon-13 ( C) 
magnetic resonance spectra were recorded at 50.3 MHz on the Bruker 
WP20U instrument.
Standard microprograms from the Bruker Company were used fo r two- 
dimensional and 13C (DEPT) NMR experiments on the WP200 
instrument. ^ 0  The following parameters were used fo r broadband and 
off-resonance decoupling experiments: decoupler power = 1  w att; 
relaxation delay of 2 sec. and f l ip  angle of 6 7 .2 °. The decoupler 
ca rrie r  frequency was o ffset by 5 ppm for off-resonance decoupling 
experiments. A recycle delay of 2 sec. was used fo r DEPT 
experiments. The (*H , *H) COSY-45 experiment (correlated spin-echo 
spectroscopy, N-type) consisted of the acquisition of 256 FIDs (of x 
scans each) of IK data points. The data were zero f i l le d  to 512 W in  
the FI dimension a fte r d ig ita l f i l te r in g  (sine bell window function  
fo r each dimension). Fourier transformation gave a spectrum that was 
subjected to magnitude ca lcu la tio n . The data matrix was then 
symmetrized about the diagonal.
The two-dimensional homonuclear J-resolved experiment (JRES 2-D) 
involved the acquisition of 256 FIDs or 128 FIDs (of x scans each) of 
IK data points. A fter d ig ita l f i l te r in g  the data were zero f i l le d  to  
512 W (NE=256) or 256 M (NE=128) in the FI dimension. Fourier 
transformation yielded a spectrum that was then magnitude 
calculated. A fter the data matrix was t i l t e d ,  i t  was symmetrized 
about the F1=0 axis .
The two-dimensional *H to 13C correlation  experiment for 10 (run 
on the Bruker WP 200 instrument) consisted of the acquisition of 256 
FIDs (of 128 scans each) of IK data points. The data were zero f i l le d
to 512 W in the FI dimension a fte r  gaussian broadening (LBl=-3,
GB1=0.5) in the FI dimension. Fourier transformation yielded a
spectrum with 3.3 Hz/pt. d ig ita l resolution in the FI dimension and
15.3 H z/pt. in the F2 dimension. The spectrum was then magnitude 
calculated. Other acquisition parameters were FI = ± 833.1 Hz, F2 = 
7812.5 Hz and AQ = 0.07 sec.
The 400 MHz (*H , *H) COSY-45 experiment (with N-type selection) 
fo r the mixture of p raea ltin  B (4) and praealtin  (C) involved the 
acquisition of 512 FIDs, 48 scans each, of 2K data points. The data 
were zero f i l le d  to IK in the FI dimension a fte r  d ig ita l f i l te r in g  
(sine bell window function for each dimension). Fourier 
transformation gave a spectrum with 3.2 Hz/pt d ig ita l resolution in 
both dimensions which was subjected to magnitude ca lcu lation . The 
data matrix was then symmetrized about the diagonal. Other parameters 
were: AQ = 0.3 sec ., F I = F2 = 3325.8 Hz, DS = 2 and D1 = 1.5 sec.
U ltra v io le t spectra were taken in spectrophotometric grade 
methanol with a Hewlett Packard 8451A Diode Array spectrophotometer.
Infrared spectra were obtained on an IBM IR/32 Fourier transform 
in frared spectrophotometer. Samples were run as a film  (NaCl disk) or 
as a KBr p e lle t ,  and spectra (resolution 4 cm-1 ) represent sample with 
background subtraction. The following procedure was used fo r the 
preparation of a film : The sample was dissolved in chloroform, applied 
to the disk and the solvent was removed by evaporation.
The X-ray structure fo r praealtin  A was determined on an Enraf-
Nonius CAD 4 d iffractom eter using the Enraf-Nonius Structure
Cl c?
Determination package. *
Melting points were determined on a Thomas Hoover C apillary  
Melting Point apparatus and are uncorrected. Praeatin A and marmin 
were dried over P2 O5  in an Abderhalden drying apparatus, and th e ir  
melting points were obtained in sealed cap illa ry  tubes.
Mass spectra were recorded on a Hewlett Packard (HP) 5985 Mass 
spectrometer equipped with a d irect insertion probe and a gas 
chromatograph (HP 5840); or on a Finnigan 4510 Mass spectrometer 
equipped with a d irec t exposure probe and an Incos data system. 
Electron impact and chemical ionization spectra were obtained at 70 eV 
with a source block temperature of 200°C fo r the former spectrometer 
and 150°C (102°C CIMS) fo r the la t te r .
Chemical Studies of Aster praealtus
Aster praealtus Poir was collected on November 3, 1983 in East 
Baton Rouge Parish, Baton Rouge, Louisiana, on Highland Road next to  
the Woodstone development (Karla W ilzer and Helya D. Fischer, No. 
60446; voucher deposited at Louisiana State U n ivers ity , U .S .A .).
Dried and ground, aeria l parts (400.0 g .) were extracted by soaking
with 3L of CH2 CI2  and a fte r  f i l t r a t io n  by suction, the solvent was
removed under vacuum to y ie ld  14.2 g. of crude ex trac t. The CH2 C I2  
extract was subjected to the following procedure which is commonly 
used fo r the iso la tion  of terpenoid constituents: 14.2 g. of the 
CH2 C I2  extract was dissolved in 500.0 ml. of 95% EtOH. 500.0 ml. of 
an aqueous solution (5% Pb(0 Ac)2 *2 H2 0 ) was added to the ethanolic  
solution , and the mixture was f il te re d  by suction through a C e lite
pad. The ethanol was removed from the f i l t r a t e  on a rotary
evaporator. The w ater/o il mixture (~250 m l.) was extracted three 
times with 65.0 ml. of CH2 C I2  each. The combined CHgC^ extracts were 
dried over anhydrous MgSÔ  and f i l te r e d ,  and the solvent was removed 
in vacuo to y ie ld  3.6 g. of crude syrup. The syrup (3 .0  g . ) ,  
preadsorbed on s ilic a  g e l, was chromatographed over 1 0 0 . 0  y. of s ilic a
gel (ID of column, 4.7 cm.) with toluene, followed by mixtures of 
toluene-EtOAc of increasing p o larity  (5 , 10, 15, 20, 25, 30, 35, 40, 
45, 50, 60, 70, 80, 100%). Th irty -th ree  frac tio n s , 100.0 ml. each, 
were collected and monitored by TLC.
Fraction 1-3 was re-chromatographed by prep. TLC (s il ic a  g e l, 85% 
hexane/15% EtgO, by v o l. ,  x3) to give 20.5 mg. of 4 and 5.
Fraction 1-4 (163.0 mg.) contained 6  and 7, which were separated 
by prep. TLC (s il ic a  g e l, 60% petrol/40% Et2 0 , by v o l. ,  x4) from part 
of the fra c tio n . The other part was chromatographed on a s ilanized  
column packed with 15.0 g. of s ilic a  gel (ID of column, 1.6 cm.) 
u t il iz in g  p e tro l-E t20 mixtures; 19 frac tio n s , 25.0 ml. each, were 
collected and monitored by TLC. Fraction 9 contained 7, and 
additional amounts of 6  and 7 were isolated by prep. TLC (s il ic a  ge l, 
60% petrol/40% Et2 0 , by v o l. ,  x4) of fractions 10-11.
Fraction 1-5 (222.0 mg.), which contained 6 , 7 and 8 , was 
preadsorbed on s ilic a  gel and chromatographed over 2 0 . 0  g. of s ilic a  
gel (ID of column, 1.9 cm.) with hexane-Me2 C0 mixtures of increasing 
p o la r ity . 17 fractions , 25.0 ml. each, were collected and monitored 
by TLC. Compound 7 was isolated by prep. TLC (s il ic a  ge l, 95% CgHg/5% 
Me2 C0, by v o l. ,  x4) from fractions 2 and 3 ( 6 6  mg.). Fractions 4 and 
5 were combined (86.0 mg.) and provided a mixture of 6 , 7 and 3.5 mg. 
of 8  a fte r  prep. TLC (s il ic a  ge l, 65% petrol/35% EtOAc, by v o l. ,  
tw ice ). A to ta l of 35.3 mg. of pure 6  and 45.0 mg. of 7 were isolated  
from the various separations.
Fractions 1-8-9 were combined (337.3 mg.), preadsorbed on s ilic a  
gel, and chromatographed over 15.0 g. of s ilic a  gel (ID of column, 1.9 
cm.) with hexane-EtOAc mixtures, followed by EtOAc-MeOH mixtures. 21
fra c tio n s , 25.0 ml. each, were collected and monitored by TLC. 
Fraction 6  (145.0 mg.) was further chromatographed by prep. TLC 
(s il ic a  g e l, 70% petrol/30% Me2 C0, by v o l. ,  x3) to  y ie ld  14.4 mg. of 
9.
Fractions 1-16-19 were combined (270.0 mg.), preadsorbed on 
s ilic a  gel, and chromatographed on a silanized column (ID of column, 
1.9 cm.) packed with 20.0 g. of s i lic a  ge l, using petrol-EtOAc 
mixtures, followed by EtOAc-Me2 C0 mixtures. Twenty-five frac tio n s ,
40.0 ml. each, were collected and monitored by TLC from which 
fractions 19 and 20 yielded 182.3 mg. of 10. Pure 11 (17.2 mg.) was 
obtained from fractions 21,22,23 and 25 by prep. TLC (s il ic a  g e l, 50% 
petrol/50% Me2 C0, by v o l. ,  tw ice ).
Praealtin  B (4 ) ,  and Praealtin C (5) (2 'R * ,6 'R * )7 - [ (2 ,6 , 6 -
trim ethyl -5-(2-methylbutanoyloxy)-2-cyclohexenyl )methoxy]coumarin and
(2 'R * ,6 'R * )7 - [{2 ,6 , 6 -trim ethyl-5-(3-m ethylbutanoyloxy)-2-
cyclohexenyl}methoxy]coumarin, respectively. C2 4 H3 u0 g; hygroscopic
so lid ; UV xM®0H nm (log e): 219 sh, 244, 253, 296 sh , 322 (4 .2 5 );  max
IR cm"1 : 3085 , 3038 (aromatic and o le fin ic  C-H s tre tc h ), 2967,max
2936, 2876 (a lip h a tic  C-H s tre tc h ), 1734 (carbonyl s tretch , 
unsaturated 6 -lactone, e s te r), 1615, 1557, 1509 (coumarin C=C 
s tre tc h ), 1462 (CH2  scissoring and C-H asymmetric bending fo r Me 
group), 1402, 1350 (C-H bending v ib ra tio n , *CMe2 ) ,  1370 (C-H symmetri 
bending for Me group) 1196 (C-C bending v ib ra tio n ,
^CMe2) .  CIMS data were obtained with HP 5985 mass spectrometer with 
the following d is trib u tio n  of reagent gas ions: ammonia, 100:4:0.04 
[NH4 +:(NH3 ) 2 H+: (NH3 ) 3 H+] .  CIMS (NH3, probe) m/z_ ( r e l . in t . ) :  416 
[M+NH4] + (5 6 .7 ), 399 [M+H]+ (1 0 0 .0 ), 297 [B]+ (5 5 .9 ), 237 [C ']+ (6 .4 )
180 [C '-A ']+ (2 3 .1 ), 163 [C+2H]+ (4 9 .9 ), 135 [CH+H-C0]+ (7 3 .4 ); EIMS 
(GC; HP5985 mass spectrometer) m/z_ ( r e l .  in t . )  70 eV: 398 [M]+ (0 .7 );  
see Schemes 1-9 and 1-10.
r- (+ ) - Epoxyaurapten ( 6 ) .  CigH2 2 04 ; Gum; UV x { ^ H nm (log e): 219
sh, 244, 253, 294 sh, 322 (4 .1 0 ); IR vf ] 1m cm"1: 3085 (aromatic and
ffloX
o le fin ic  C-H s tre tc h ), 2961, 2924, 2867 (a lip h a tic  C-H s tre tc h ), 1734 
(carbonyl s tretch , unsaturated 6 -lac to n e ), 1613, 1559,1507 (coumarin 
C=C s tre tc h ), 1458, 1429 (CH2  scissoring and C-H asymmetric bending 
fo r Me group), 1402, 1350 (C-H bending v ib ra tion , *CMe2 ) ,  1379 (C-H 
symmetric bending fo r Me group), 1200 (C-C bending v ib ra tio n , £M e,,);
EIMS (probe, HP5985 mass spectrometer) m/z ( r e l .  in t . )  70 eV: 314 [M+]
(0 .3 );  (see Scheme 1 -4 ).
Praealtin A (7 ) ,  (2 'R * , 6 'R*) 7 -[(3 -acety loxy-2 ,2-d im ethy l- 6 -  
methylenecyclohexyl )methoxy]coumarin. C2 1 H2 4 0 5 ; colorless crysta ls; 
m.p. 163.3° (C6 H6 ); UV nm (log e): 217 sh, 244, 253, 294 sh, 322
(4 .2 4 ); IR cm-1 : 3083, 3054 (aromatic and o le fin ic  C-H
s tre tc h ), 2948, 2876, 2857 sh (a lip h a tic  C-H s tre tc h ), 1734 (carbonyl 
stre tch , unsaturated 6 -lactone; e s te r), 1615, 1557,1509 (coumarin C=C 
s tre tc h ), 1474, 1456, 1429 (CH2  scissoring and C-H asymmetric bending 
for Me group), 1402, 1352 (C-H bending v ib ra tio n , ĈMe2 ) ,  1374 (C-H 
symmetric bending for Me group), 1202 (C-C bending v ib ra tio n , £Me2) .
CIMS data were obtained with Finnigan 4510 mass spectrometer with the
following d is tribu tio n  of reagent gas ions: ammonia, 100; 25:6 
[NH4 + ,(NH3 ) 2 H+:(NH3 ) 3 H+] :  methane, 100:90:21 [CH5 +:C2 H5 + :C3 H5+] ,  CIMS 
(NH3, 0.3T) m/z_ ( r e l . i n t . ) :  374 [M+NH4] + (100 .0 ), 357 [M+H]+ (3 .0 );  
CIMS (CH4 , 0.3T) m/£ ( r e l .  i n t . ) :  397 [M+C3 H5] + (5 .0 ) ,  38b [M+C2 H5] +
(2 1 .2 ), 357 [M+H]+ (8 0 .6 ), 297 [C ]+ (100 .0 ), 163 [DH+H]+ (2 3 .7 ), 153
[D , -B ']+ (3 1 .2 ), 135 [D '-C 'H ]+ (8 5 .6 );  EIMS (probe, HP 5985 mass 
spectrometer), m/_z ( r e l .  in t . )  70 eV: 356 [M]+ (2 .7 ) ;  re fer to Scheme 
1-7.
S '-Hydroxy-p-cycloaurapten ( 8 ) .  C1 9 H2 2 O4 ; Sum; UV a|J®^ nm: 217
sh, 242, 252, 294 sh, 322; IR v™ " 1 cm- 1 : 3478 (0-H s tre tch , br,max
hydroxyl), 3085 (aromatic and o le fin ic  C-H s tre tc h ), 2965, 2931, 2876 
sh (a lip h a tic  C-H s tre tc h ), 1734 (carbonyl s tre tch , unsaturated 6 -  
lactone), 1613, 1557, 1509 (coumarin C=C s tre tc h ), 1475, 1435 (CH2  
scissoring and C-H asymmetric bending fo r Me group), 1404, 1352 (C-H 
bending v ib ra tio n , ^CMeg), 1200 (C-C bending v ib ra tio n , ^CMeg); EIMS 
(GC, HP 5985 mass spectrometer) m/z_ ( r e l .  in t . )  70 eV: 314 [M]+ (5 .5 );  
see Scheme 1-8.
Umbelliferone (9 ) .  CgHgOg; so lid ; UV a|J®^ nm (log e): 216 sh,
244, 255, 294 sh, 324 (3 .8 7 ); EIMS (GC, HP 5985 mass spectrometer) 70
eV, m/z  ̂ ( r e l .  i n t . ) :  163 [M+H]+ (9 .4 ) ,  162 [M]+ (1 0 0 .0 ), 134 [M-CU]+
(7 6 .9 ), 106 [M-2C0]+ ( 7 .2 ) ,  105 [M-C0-CH0]+ (1 9 .6 ), 78 [M-3CU]+
(2 2 .7 ), 77 [M-C0-CH0-C0]+ (1 3 .7 ).
Marmin (1 0 ). C ^^ /jO g; Colorless crys ta ls , m.p. 121.5°; L i t . 2^
123-124°; UV AM®0H nm (log e): 219 sh, 253, 294 sh, 322 (4 .1 6 ); IR max
KBr p e lle t C|n- i ; 34g^  337Q (Q_H stretch> hydroxyl), 3122, 3078, 3001 
max
(aromatic and o le fin ic  C-H s tre tc h ), 2987, 2942, 2898 (a lip h a tic  C-H
stre tch ); IR cm"*: 3440 (0-H s tre tch , b r, hydroxyl), 3085max
(aromatic and o le fin ic  C-H s tre tc h ), 2973, 2934, 2876 (a lip h a tic  C-H 
s tre tc h ), 1732, 1709 sh (carbonyl s tre tch , unsaturated 6 -lac to n e ), 
1613, 1555, 1507, (coumarin C=C s tre tc h ), 1458, 1429 (CH2  scissoring 
and C-H asymmetric bending fo r Me group), 1404, 1352 (C-H bending 
vibration , ^CMeg), 1387 (C-H symmetric bending fo r Me group), 1200
106
(C-C bending v ib ra tio n , *CMe2) .  CIMS data were obtained with Finnigan 
4510 mass spectrometer with the following d is trib u tio n  of reagent gas 
ions: ammonia, 60:68:100:15 [NH4 +:(NH3 ) 2 H+:(NH3 ) 3 H+ :(NH3 ) 4 H+] , 
methane, 100:88:21 (CH5 + :C2 H5 +:C3 H5+) . CIMS (NH3, 0.6T) m/£ ( r e l . 
i n t . ) :  350 [M+NH4] + (100 .0 ), 333 [M+H]+ (2 .4 );  CIMS (CH4 , 0.3T) m/z 
( r e l .  i n t . ) :  373 [M+C3 H&] + (1 .0 ) ,  361 [M+C2 H5] + (2 .7 ) ,  333 [M+H]+
(4 .5 ) ,  315 [M+H-H2 0 ]+ (9 .7 ) ,  297 [M+H-2H2 0 ]+ (1 6 .5 ), 163 [A'H+H]+
(3 1 .3 ), 153 [A '-H 2 0 ]+ (1 0 0 .0 ), 135 [A'-2H 2 0 ]+ (1 4 .7 );  EIMS (probe, HP 
5985 mass spectrometer) m/z  ̂ ( r e l . in t . )  70 eV: 332 [M]+ (0 .1 ) ;  refer 
to Schemes 1-2 and 1-3.
Praealtin  D (1 1 ), ( 6 ,R *)7 -(2 ,6 ,7 -‘trihydroxy-7-m ethyl-3 -
u . n M
methylenoctyloxy)coumarin. C^H^Og; Gum; UV nm: 219 sh, 242,
253, 291 sh, 322; IR vflJ m cm"1 : 3420 ( 0-H s tre tch , b r, hydroxyl),max
3088 (aromatic and o le fin ic  C-H s tre tc h ), 2969, 2928, 2876, 2857 sh 
(a lip h a tic  C-H s tre tc h ), 1719, 1709 (carbonyl s tre tch , unsaturated 6- 
lactone), 1613, 1557, 1509 (aromatic C=C s tre tc h ), 1456, 1429 (CH2  
scissoring), 1404, 1352 (C-H bending v ib ra tion , ĈMe2 ) ,  1202 (C-C 
bending v ib ra tio n , ^CMe2) .  CIMS data were obtained with HP5985 mass 
spectrometer with the following d is trib u tio n  of reagent gas ions: 
ammonia, 100:4:0.04 [NH4 + :(NH3 ) 2 H+:(NH3 ) 3 H+] .  CIMS (NH3, probe) mjz_
( r e l .  i n t . ) :  366 [M+NH4] + (8 .7 ) ,  349 [M+H]+ (2 0 .1 ), 331 [M+H-H2 0 ]+
(2 5 .3 ), 313 [M+H-2H2 0 ]+ (5 .5 ) ,  169 [A '-H 2 0 ]+ (4 2 .9 ), 163 [AH+H]+
(100 .0 ); EIMS (probe, HP 5985 mass spectrometer) mjz_ ( r e l .  in t . )  70 
eV: 348 [M]+ (1 .2 );  see Schemes 1-5 and 1-6.
Chemical Studies of Aster spinosus
The generalizations made about materials and instrumentation at 
the beginning of section 1 . 6  of the experimental are the same with 
respect to the data presented here with the following exceptions: 
S ilic a  gel G, UV-254 was used fo r prep. TLC (2 mm. layer thickness) 
20x20 cm., Brinkmann Instruments C o .), and the sample was run as a 
film  on a KBr disk fo r IR data co llec tio n .
Aster spinosus Benth. was collected on August 12, 1981 in Austin, 
Travis County, Texas, along the jogging t r a i l  on the north side of 
Town Lake, near the Mopac Bridge (Scott Sundberg, No. 1206; voucher 
deposited at University of Texas at Austin, U .S .A .). Dried, ground 
aeria l parts ( 1 0 0  g .) were extracted, by soaking, successively with
550.0 ml. of p e tro l, CHgC^, and MeOH. A fter f i l t r a t io n  by suction, 
the solvents were removed under vacuum to y ie ld  0.9 g .,  1.1 g. and 8 .U
g .,  respectively of crude extracts . The CHgC^ extract was subjected
to the following procedure which is  commonly used fo r the iso la tion  of 
low -polarity constituents: 1 . 1  g. of the CHgC^ extract was dissolved
in 150.0 ml. of 95% EtOH. 150.0 ml. of an aqueous solution [5%
Pb(0 Ac)2 * 2 H2 0 ]  was added to the ethanolic solution . The mixture was 
f i l te re d  under vacuum using a C e lite  pad. The ethanol was removed in 
vacuo and the w ater/o il mixture was extracted three times with 25.0 
ml. of CHCI3  each. The combined CHCI3  layers were dried over 
anhydrous MgSO .̂ A fter f i l t r a t io n ,  the solvent was removed under 
vacuum to y ie ld  0.4 g. of crude syrup. The syrup (110.0 mg.) was 
chromatographed over three 2 0 x2 0  cm; preparative layer ( 2  mm), s ilic a  
gel p lates. The plates were developed in p e tro l/f^ C U  (65:35, by 
volume) to y ie ld  32.6 mg of 16.
Lachnophyllum lactone (1 6 ). cio h1 0 ° 2 : 011; uv S " nm; 260-
314, IR cm”1: 3139, 3106, 3048 (lacton ic and o le fin ic  C-H
s tre tc h ), 2965, 2934, 2874 (a lip h a tic  C-H s tre tc h ), 2213 
(d isubstituted acetylenic s tre tc h ), 1784, 1755 (carbonyl s tre tch , 
unsaturated y -lac to n e), 1642, 1551 (lactonic and o le fin ic  C=C 
s tre tc h ), 1462 (CH2  scissoring and C-H asymmetric bending fo r methyl 
group), 1337 (C-H symmetrical bending fo r methyl group), 939 
(-CH=C-0-,:E ) EIMS (GC, HP5985 mass spectrometer) m /z_ (re l. in t . )  70 
eV: 162 [M]+ (5 8 .3 ), 147 [A ]+ (1 6 .6 ), 133 [B]+ (2 9 .9 ), 119 [C ]+
(2 5 .4 ), 105 [B-C0]+ (4 1 .3 ), 91 [C-C0]+ (3 3 .4 ), 82 [D]+ (1 0 0 .0 ), 77 [B- 
2C0]+ (6 5 .0 ), 63 [C-C0]+ (9 .5 ) ,  54 [D-C0]+ (28 .5 ) (see Scheme 1 -11).
Chemical Studies of Aster adnatus
The generalizations made about materials and instrumentation at 
the beginning of section 1 . 6  (the experimental) are the same with 
respect to the data presented here with the following exceptions: the 
u ltra v io le t spectra were taken in spectrophotometric grade hexane, and 
samples were run as a film  on a KBr disk fo r IR data co llec tio n .
Aster adnatus Nutt, was collected on November 1, 1984 in 
Tangipahoa Parish, Louisiana, on LA 40 west at the e x it of Zemurray 
Gardens and across the highway along the roadside. Additional amounts 
were collected north of LA 16; 12.9 miles east of Amite and 1.7 miles 
from Heaven View Farm, along the powerline (Karla W ilzer and Dr.
Lowell Urbatsch, No. 61607; voucher deposited at Louisiana State 
U nivers ity, U .S .A .). Dried, ground aeria l parts (395.6 g .) were 
extracted with 3L of CHClg by soaking for several hours. A fter 
f i l t r a t io n  by suction, the plant material was re-soaked in 2.5L of
CHClj and then f i l te r e d .  The solvent was removed under vacuum from 
the combined f i l t r a te s  to y ie ld  26.0 g. of crude ex trac t. The extract 
was subjected to the following procedure: the syrup was dissolved in
400.0 ml. of 95% EtOH to which 400.0 ml. of an aqueous solution [5% 
Pb(0Ac)2 »2H2 0 ] was then added. The solution was f i l te re d  through a 
C e lite  pad and the EtOH was removed in vacuo with approximately 200 
ml. of w ate r/o il mixture remaining. The w ater/o il mixture was 
extracted three times with 65.0 ml. of CHClg each. The CHClg layers 
were combined, dried over anhydrous MySÔ  and f i l te re d  by g rav ity .
The CHCI3  was removed in vacuo to give 1.6 g. of syrup which was 
chromatographed over 6U.0 g. of s ilic a  gel (II) of column, 4.6 cm .). A 
to ta l of eight frac tio n s , 100.0 ml. each, monitored by TLC, were 
obtained from the following elution  scheme: hexane, hexane/CgHg (1 :1 ) ,  
c6 h6 » C6 H6 /E t20 (3 :1 ) ,  CgHg/Et20 (1 :1 ) ,  E t2 0, E t2 0/Me0H (9 :1 ) and 
MeOH. Fraction 1-5 (165.0 mg.) was fu rther chromatographed over 8.0  
g. of s i l ic a  gel (ID of column, 1.1 cm .). Twelve frac tio n s , 15.0 ml. 
each, were obtained using CH2 C12  and increasing amounts of Me2 C0 
(2 ,4 ,6 ,8 ,1 0 ,1 5 ,2 0 , 100%). The fractions were monitored by TLC. 
Fraction 4 was then chromatographed over a s il ic a  g e l, preparative  
layer (1 mm) p late (8x10.5 cm). The plate was developed twice in  
p e tro l/E t20 (1 :1 ) .  4.0 mg of 18 was obtained.
Spinasterol (18 ). C2 9 H4 gO; Colorless so lid ; UV ^ ! |* ane nm: end 
absorption, 213; IR cm"1: 3441 (0-H stre tch , b r, hydroxyl),
I l la X
2955, 2936, 2870 (a lip h a tic  C-H s tre tc h ), 1447 (CH2  scissoring and C-H 
asymmetric bending fo r Me group), 1383, 1368 (C-H bending v ib ra tion , 
^CMeg) 1383 (C-H symmetric bending fo r angular Me groups and side 
chain Me groups), 970 (C-H bending for a E disubstituted o le f in ) ,
847, 827 (C-H bending fo r trisu b stitu ted  o le f in ) ;  EIMS (GC, HP 5985 
mass spectrometer) 70 eV (see Table 1-16).
Phytochemical Investigations of Various Species of Aster
*H NMR data (200 MHz) were obtained fo r a l l  extracts .
Aster adnatus was collected on November 1, 1984 in Tangipahoa 
Parish, Louisiana, on LA 40 west at the e x it of Zemurray Gardens and 
across the highway along the roadside. Additional plant material was 
collected 12.9 miles east of Amite from railroad tracks, and 1.7 miles 
from Heaven View Farm on LA 16 north, along the road (Karla W ilzer and 
Dr. Lowell Urbatsch, No. 61607; voucher deposited at Louisiana State 
U nivers ity, U .S .A .).
Dried, ground* aeria l parts (395.6 g .) were extracted with 3L of 
CHCI3  by soaking fo r several hours. A fter f i l t r a t io n  by suction, the 
plant material was re-soaked in 2.5 L of CHCI3  and then f i l te r e d .  The 
solvent was removed under vacuum from the combined f i l t r a te s  to y ie ld
26.0 g. of crude ex trac t. The plant material (100.0 g .) was then 
extracted with 600.0 ml. of MeOH and suction f i l te r e d .  The material 
was re-soaked in 600.0 ml. of MeOH. A fter f i l t r a t io n ,  the solvent was 
removed in vacuo from the combined f i l t r a te s  to give 6.5 g. of crude 
syrup.
The crude CHCI3  extract was subjected to the following procedure: 
the extract was dissolved in 400.0 ml. of 95% EtOH to which 400.0 ml. 
of an aqueous solution [5% Pb^Ac^^HgO] was then added. The mixture 
was f i l te re d  through a C e lite  pad and the EtOH was removed under
*Wiley M ill (Model 4, motorized, 3 mm mesh screen, Arthur Thomas C o.).
vacuum with ~260 ml. of w ate r/o il mixture remaining. The w ater/o il 
mixture was extracted three times with 65.0 ml. of CHCI3  each. The 
combined CHCI3  layers were dried over anhydrous MgSÔ  and f i l te re d  by 
grav ity . The solvent was removed in vacuo to y ie ld  1.6 g. of syrup.
Aster concolor L. was collected on November 1, 1984 in Tangipahoa 
Parish, Louisiana, north of LA 16; 12.9 miles east of Amite (from 
ra ilroad  tracks) and 1.7 miles from Heaven View Farm, along the 
powerline (Karla W ilzer and Dr. Lowell Urbatsch, No. 61605; voucher 
deposited at Louisiana State University, U .S .A .).
Dried, ground aeria l parts (351.8 g .) were extracted, by soaking,
with 3 L of CHCI3 . A fter vacuum f i l t r a t io n ,  the plant material was
re-soaked in 2.5 L of CHCI3  and then f i l te r e d .  The solvent was 
removed in vacuo from the combined f i l t r a te s  to y ie ld  1 1 . 1  g. of 
ex trac t. The plant m aterial (100.0 g .) was then extracted with 600.0 
ml. of MeOH, s u c tio n -filte re d , re-soaked in 600.0 ml. of MeOH and 
f i l te r e d .  The solvent was removed under vacuum from the combined 
f i l t r a te s  to y ie ld  7.4 g. of syrup.
Aster dumosus x la terifTorus  was collected on November 3, 1983 in 
East Baton Rouge Parish, Baton Rouge, Louisiana at Perkins Road -  
Mosslane trian g le  (Karla W ilzer and Helga D. Fischer, Nos. 60571 and 
60572; vouchers deposited at Louisiana State U n ivers ity, U .S .A .).
Dried, ground aeria l parts (200.0 g .) were extracted by s t ir r in g *
successively with hexane (2 .3  L ), CH2 C12  (2 .1  L ), EtOAc (2.1 L) and
MeOH (2.1 L ). A fter f i l t r a t io n  by suction, the solvents were removed
under vacuum to y ie ld  5.3 g .,  1.9 g ., 1.3 g. and 18.2 g. of crude
♦S tirr in g  motor (cone d riv e , variable speed, Sargent-Selch S c ie n tific  
Company).
syrups, respectively.
Aster la te r if lo ru s  (L .)  B r i t t ,  was collected on October 25, 1984 
in East Baton Rouge Parish, Baton Rouge, Louisiana, south on Burbank 
Road along the roadside a fte r  the intersection of Jennifer Jean Road 
and Burbank Road (Karla W ilzer and Dr. Lowell Urbatsch, No. 61609; 
voucher deposited at Louisiana State University, U .S .A .).
Dried, ground aeria l parts (82.5 g .) were extracted (by soaking) 
successively with 600.0 ml. of p e tro l, CHgClg (and re-soaked) and 
MeOH, which a fte r  suction f i l t r a t io n  and evaporation of the solvents, 
yielded 1.0 g .,  0.8 g. and 9.9 g. of crude syrups.
Aster la te r if lo ru s  was collected on November 2, 1985 in East
Baton Rouge Parish, Baton Rouge, Louisiana, along River Road at the
intersection of River Road and "River Road Horse A c tiv ity  Center" 
(Karla W ilzer, No. 64999; voucher deposited at Lousisiana State 
University; U .S .A .).
Aerial parts (18.5 g . ) ,  which had been stored in a fre e ze r, were 
cut up and extracted successively with 500.0 ml. of p e tro l, CH2 C I2  and 
MeOH. A fter f i l t r a t io n  and evaporation of solvents, 0.1 g . ,  0.2 g and
0.5 g. of crude syrups, respectively were obtained.
Aster patens Aiton were collected on November 1, 1984 in
Tangipahoa Parish, Louisiana, on LA 40 west at the e x it of Zemurray
Gardens and across the highway along the roadside (Karla W ilzer and 
Dr. Lowell Urbatsch, No. 61606; voucher deposited at Louisiana State  
U nivers ity , U .S .A .).
Dried, ground aeria l parts (113.0 g .) were extracted, by soaking,
in 1.3 L of CHCI3 , s u c tio n -filte re d  and re-soaked in 1.1 L of CHCI3 .
A fter f i l t r a t io n ,  the f i l t r a te s  were combined and the CHCI3  was
removed under vacuum to y ie ld  5.8 y. of syrup. The plant material was 
then extracted with 600.0 ml. of MeOH in the same manner to y ie ld  9.7  
g. of crude syrup.
Aster praealtus was collected on November 3, 1983 in East Baton 
Rouge Parish, Baton Rouge, Louisiana, south on Highland Road next to 
the Woodstone development (Karla W ilzer and Helga D. Fischer, No.
i
60446; voucher deposited at Louisiana State U n ivers ity, U .S .A .).
Dried, ground aeria l parts (200.0 g .) were extracted successively 
with hexane (2 .3  L ), CH2 C12  (2 .1 L ), EtOAc (2.1 L) and MeOH (2 .1  L) by 
s tir r in g  for several hours. A fter f i l t r a t io n  by suction and removal 
of solvents under vacuum, 7.5 g .,  3.3 g .,  1.1 g. and 25.0 g . ,  
respectively of crude extracts were obtained. The crude MeOH extract 
(20.0 g .) was partitioned between CHCI3  and H2 0. The combined CHCI3  
layers were dried over anhydrous Na2 S0 4  and f i l te r e d .  The solvent was 
removed under vacuum to y ie ld  1.9 g. of crude syrup.
Aster praealtus was collected on July 31, 1985 in East Baton 
Rouge Parish, Baton Rouge, Louisiana, 200 m. south on Burbank Road 
from the intersection of Jennifer Jean Road and Burbank Road along the 
roadside (Karla W ilzer, Dr. Nikolaus Fischer and Dr. Lowell Urbatsch, 
No. 64364; voucher deposited at Louisiana State University, U .S .A .).
A ir-d ried  roots (28.0 g .) were cut into  small strips and 
extracted with 450.0 ml. of p e tro l/E t20 (2 :1 ) . A fter gravity  
f i l t r a t io n ,  the roots were extracted with 450.0 ml. of MeOH and 
f i l te r e d .  The f i l t r a te s  were combined and the solvents were removed 
under vacuum to y ie ld  2 . 8  g. of crude syrup.
Aster spinosus was collected on August 12, 1981 in Travis 
Country, Austin, Texas, along the jogging t r a i l  on the north side of
Town Lake, near the Mopac Bridge (Scott Sunberg, No. 1206; voucher 
deposited at University of Texas at Austin, U .S .A .).
Dried, ground aerial parts (100.0 g .) were extracted successively 
with 550.0 ml. of p e tro l, CH2 C12  and MeOH. A fter f i l t r a t io n  by 
suction, the solvents were removed in vacuo to  y ie ld  0.9 g .,  1.1 g. 
and 8 . 0  g . ,  respectively of crude extracts.
Aster subulatus Michx. var. ligu latus Shinners was collected on 
November 2, 1984 in East Baton Rouge Parish, Baton Rouge, Louisiana, 
at the intersection of Brightside Lane and River Road along the fence 
(Karla W ilzer, No. 61608; voucher deposited at Louisiana State  
U nivers ity , U .S .A .).
Dried, ground aeria l parts (302.7 g .) were extracted, by soaking, 
with 2 L of hexane. A fter f i l t r a t io n  by suctioning, the material was 
re-soaked in 2 L of hexane and then f i l te r e d .  The hexane was removed 
under vacuum from the combined hexane layers to  give 7.7 g. of crude 
syrup. The plant material was then extracted with 2 L of CH2 C12  in 
the same manner to give 4.3 g. of crude ex trac t. F in a lly , the plant 
was extracted with 1.9 L of MeOH and then s u c tio n -filte re d . The MeOH 
was removed under vacuum to give 16.8 g. of crude syrup.
The hexane and CH2 C12  crude syrups were combined and 6 . 0  g. of 
the mixture was subjected to the following procedure: the syrup was 
dissolved in 375.0 ml. of 95% EtOH to which 375.0 ml. of an aqueous 
solution [5% Pb(0Ac)2 *2H2 0] was then added. The EtOH was removed 
under vacuum with 200 ml. of w ate r/o il mixture remaining. The 
w ater/o il mixture was extracted three times with 50.0 ml. of CHCI3  
each. The combined CHCI3  layers were dried over anhydrous MgSÔ  and 
the solvent removed in vacuo to y ie ld  0.5 g. of crude syrup.
Aster subulatus var. ligu latus was collected on July 31, 1985 in 
East Baton Rouge Parish, Baton Rouge, Louisiana, 200 m. south on 
Burbank Road from the intersection of Jennifer Jean Road and Burbank 
Road, along the roadside (Karla W ilzer, Dr. Nikolaus Fischer and Dr. 
Lowell Urbatsch, No. 64366; voucher deposited at Louisiana State 
U nivers ity , U .S .A .).
A ir-d ried  roots (17.5 g .) were cut into small strips and 
extracted, by soaking, with 550.0 ml. of petrol/EtgO (2 :1 ). A fter 
gravity f i l t r a t io n ,  the roots were extracted with 550.0 ml. of MeOH 
and then f i l te r e d .  The f i l t r a te s  were combined and the solvents were 
removed in vacuo.
Aster ten u ifo liu s  L. was collected on September 12, 1981 in 
Jackson County, Texas, 1.7 miles east of the bridge across Carancahua 
Bay, along highway 35, 10.4 miles east of the junction with Farm Road 
1593 at Pt. Comfort; sa lt marsh along the highway (Scott Sundberg, No. 
1359; voucher deposited at University of Texas at Austin, U .S .A .).
Dried, ground aeria l parts (100.0 g .) were extracted, by soaking, 
successively with 550.0 ml. of p e tro l, CH2 C I2  and MeOH. A fter suction 
f i l t r a t io n ,  the solvents were removed under vacuum to y ie ld  0 . 8  g . ,
0.7 g. and 10.5 g. respective ly , of crude syrup.
Aster umbel!atus M ille r  was collected on August 13, 1980 in 
Allegheny National Forest, Ridgeway, Pennsylvania; forest opening at 
M ill Creek (Stephen B. Horsley).
Dried, ground aeria l parts (50.0 g. -  tissue frozen in liq u id  N2, 
and freeze dried) were extracted, by soaking, successively with 350.0 
ml. of p e tro l, CH2 C l2  (and re-soaked) and MeOH. A fter suction 
f i l t r a t io n ,  the solvents were removed under vacuum to y ie ld  1 . 2  g . ,
2.1 g. and 10.3 g .,  respectively of crude syrups. The crude MeOH 
extract (10.2 g .) was partitioned between n-BuOH and water. Each of 
the layers were concentrated under vacuum.
V o la tile  Constituents of Four Aster Species
Aster la te r if lo ru s  was collected on November 2, 1985 in  East 
Baton Rouge Parish, Baton Rouge, Louisiana, along the fence at the 
in tersection of River Road and "River Road Horse A ctiv ity  Center" 
(Karla W ilzer, No. 64999; voucher deposited at Louisiana State 
U nivers ity, U .S .A .). The plant material was immediately placed in a 
freezer fo r storage.
Aster praealtus and Aster subulatus. var. ligu latus were collected  
on November 2, 1985 in East Baton Rouge Parish, Baton Rouge,
Louisiana, 200 m. south on Burbank Road from the intersection of 
Jennifer Jean Road and Burbank Road. The co llection  s ite  was on the 
l e f t  hand side of the road (Karla W ilzer, Nos. 64997 and 64998, 
respectively; vouchers deposited at Louisiana State U n ivers ity, 
U .S .A .).
Aster la te r if lo ru s  was collected on November 7, 1985 at the same 
s ite  as Aster praealtus (Karla W ilzer, No. 65321; voucher deposited at 
Louisiana State U n ivers ity, U .S .A .). The three plant collections were
f
also stored in a freezer at -15°.
The v o la tile  constituents of Aster praealtus, Aster subulatus 
var. lig u la tu s , Aster la te r if lo ru s  (No. 64999) and Aster la te r if lo ru s  
(No. 65321) were obtained by using a high vacuum apparatus (Figure 1- 
6 8 ) which was maintained at a pressure of 0.05-0.025 mm of Hg. The 
plant material ( 1 . 0 - 2 . 0  g .) was cut into small strips and placed in
the th ick-w alled  trap C. Trap I) was used fo r the co llection  of the 
v o la t ile  compounds. A dewar of liq u id  N2  was placed around traps C &
D and a fte r  twenty minutes ( i . e .  to  allow the plant material to  
fre e ze ), the system was opened to the vacuum. A fter a pressure of
0.05-0.025 mm of Hg was obtained, valve 6  was closed. The Dewar was 
removed from under trap C and as the trap reached room temperature, 
co llection  of v o la tile  constituents could be seen in trap  D. The 
collection  period ranged from 4 to 10 hrs. (Table 1 -19). The 
v o la tile s  were then worked up and analyzed by the procedures referred  
to in Table 1-19.
Work-up Procedures:
I .  A fter co llection  of the v o la tile  constituents, 1.5 ml. high 
purity  heptane was added to the co llection  tube and the solution was 
transferred to a v ia l and stored in a fre eze r. A fter one week, the 
solution was placed in a separatory funnel; the layers were separated 
and the aqueous phase was extracted three times with 0.5 ml. of 
heptane each. The combined heptane layers were dried over anhydrous 
MgS04 , f i l te re d  and concentrated by a N2  stream. The procedure 
d iffe red  s lig h tly  fo r Aster subulatus var. ligu latus and Aster 
la te r if lo ru s  (No.65321) a fte r  collection of the v o la tile s , 1.0 ml. of 
heptane was added to the co llection  tube, the solution was transferred  
to  a v ia l and placed in a freezer for a week. Then the organic layer 
was pipetted o ff and dried over anhydrous MgSO .̂ A fter f i l t r a t io n ,  
the sample was concentrated by a N2  stream. A heptane blank and each 
of the v o la tile  extracts were analyzed by 6 C-MS.
118
I I *  A fter several hours of collection of the v o la tile  
constituents, 250-350 yl of high purity CH2 C12  was added to the 
collection  tube. The solution was placed in a screw cap autosampler 
via l with a te flo n  septum, under N2, and stored in a freezer fo r two 
weeks. The organic layer was then analyzed by GC-MS a fte r  a CH2 C12  
blank was run.
I I I .  High purity CH2 C12  or heptane (200 y l) was added to the 
collection  tube. The solution was placed in a screw cap autosampler 
via l with teflon  septum and the organic layer was analyzed by GC-MS. 
Heptane was used fo r Aster la te r if lo ru s  Nos. 64999 & 65321) and CH2 C12  
fo r Aster subulatus var. lig u la tu s .
IV. A fter co llection  of the vo la tiles  fo r several hours (6.5  
hrs. fo r Aster la te r if lo ru s  (No. 64999) and 8  hrs. fo r Aster 
praealtus) 300 yl of high purity CH2 C12  was used to transfer the 
vo la tiles  to a screw cap autosampler via l containing a te flo n  
septum. The organic layer was analyzed by GC-MS using three d iffe ren t  
temperature programs (GC-MS methods 2, 3 and 4 ) .
GC-MS Methods
The separation of constituents was achieved with an 0V-1 bonded 
phase column (30m x 0.25 mm i . d . ,  0.2ym film  thickness, fused s i l ic a ,
A ll tech Associates In c .)  using one of the following temperature 
programs:
1. S p litle s s , 1 y l . ;  m/z 35, 600; scan (sen) cycle time = 1.4 sec.; 
Analog/digital (A/D) conversion = 2; threshold (th ld ) = 10; 60°C -  
1 m in., 10°C/min., 300°C -  5 min.
2. S p litle s s , 1 y l . ;  m/z 35, 440; sen cycle time = 1.0 sec.; A/D = 2;
th ld  = 5; 40°C -  1 m in ., 5°C /m in., 180°C -  1 min.
3. S p litle s s , 1 y l . ;  m/z 35, 440; sen cycle time = 1.0 sec.; A/D = 2;
thld = 5; 40°C -  1 m in ., 10°C/min., 280°C -  0 min.
4. S p litle s s , 1 y l . ;  m/z 35, 440; sen cycle time = 1.0 sec ., A/D = 2,
th ld  = 5; 60°C -  1 m in ., 10°C/min., 300°C -  5 min.
V o la tile  extracts were analyzed by GC-MS with a Hewlett Packard 
(HP) 5985 mass spectrometer (a t 70 eV, source temperature of 200°C) 
equipped with a HP 5840A gas chromatograph (in jec tio n  port temperature 
of 250°C). The separation of constituents was achieved with an 0V-1 
bonded phase column (30 m x 0.25 mm i . d . ,  0.2ym film  thickness, fused 
s i l ic a ,  A lltech Associates, In c .) using temperature programming (re fe r  
to GC-MS Methods). Compounds were id e n tifie d  by use of a computerized 
mass spectral search system: Flavor-Fragrance, 59817D National Bureau 
of Standards Subset Library from Hewlett Packard. This system uses 
probability  based searching which incorporates two important features: 
( i )  data "weighting", s p e c ific a lly  masses and abundances; ( i i )
"reverse searching", i . e .  the search compares the peaks of the 
reference spectrum with that of the unknown spectrum.
Several of the id e n tifie d  compounds were verified  fu rther by 
comparison of the retention time and mass spectrum of each standard to 
that of each natural product under s im ilar conditions. The standards 
were purchased from SCM Specialty Chemicals and Aldrich Chemical 
Company. The retention time (and MS) fo r each standard was determined 
by using a temperature program (Table 1 -20 ). Then the standards were 
placed in three groups and the retention times (and MS) fo r the
compounds in each group were determined fo r three d iffe re n t  
temperature programs (Table 1-20). The v o la tile  constituents fo r  
Aster praealtus and Aster la te r if lo ru s  (No. 64999) were obtained again 
by the method stated e a r lie r  ( 1 . 1  g of plant m ateria l, 0.025 mm of Hg) 
and worked up according to procedure 4. tiC-MS data were obtained 
under the same conditions as the standards. The cross-checking of the 
standards with the natural products was carried out over a three day 
period. A CH2 CI2  blank was run before each v o la t ile  extract and the 
three groups of standards.
Figure 1 -3 .  200 MHz (*H, *H) COSY-45 spectrum* (w ith N-type
s e l e c t i o n )  of 10 in  CDCI3 at ambient tem perature.
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*Fourier transformation yielded a spectrum with 3.2 Hz/pt d ig ita l  
resolution in both dimensions. Acquisition parameters: F1=F2=1666.7 
Hz, AQ=0.3 sec., NS=64, Dl=l sec.
Chemical sh ifts  are given in ppm re la tiv e  to Me^Si.
Figure 1 -4 .  Broadband decoupled (BB) and DEPT sp ectra  o f  marmin (10) a t  5 0 .3  MHz in  CDClg
at ambient tem perature.
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Figure 1-5 . Hi to correlation spectrum of marmin (10) in CDCI3  at ambient temperature.
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Figure 1 -6 .  (*H, *H) ^ -R eso lved  spectrum* fo r  marmin (10) at 200 MHz in CDCI3 a t ambient tem perature.
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♦Fourier transform ation  y ie ld e d  a spectrum with 3 .3  Hz/pt d i g i t a l  r e s o l tu io n  in F2 and 0 .2  Hz/pt in
F I .  A c q u is i t io n  parameters: F l=±26.0  Hz, F2=1666.7 Hz, AQ=0.3 sec  (F 2 ) ,  AQ=5.0 s e c .  ( F I ) ,  01=2 s e c . ,
NS=32, NE=256.
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Figure  1 - 7 .  (*H, H) COSY-45 spectrum* (w ith N-type s e l e c t i o n )  of
(f?)-(+ )-epoxyau rapten  ( 6 )  a t 200 MHz in  CDClg at ambient
tem perature .
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♦Fourier transformation yielded a spectrum with 3.3 Hz/pt d ig ita l 
resolution in both dimensions. Acquisition parameters: F1=F2=1677.2 
Hz, AQ=0.3 sec, Dl=l sec., NS=64.
Chemical sh ifts  are in ppm re la tiv e  to Me^Si.
Figure 1 -8 . (*H, *H) ^3-Resolved spectrum* of (i? )-(+ )-epoxyaurapten ( 6 ) a t 200 MHz in  CDC13
at ambient tem perature.
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♦Fourier transform ation  y ie ld e d  a spectrum with 3 .3  Hz pt d i g i t a l  r e s o lu t io n  in  F2 and 0 .2  Hz/pt in
F I .  A cq u is i t io n  parameters: F l=±26.0  Hz, F2=1694.9 Hz, AQ=0.3 s e c .  (F 2 ) ,  AQ=5.0 s e c .  ( F I ) ,  Dl=2 s e c .
NS=64, NE=256.
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Figure  1 -9 .  Broadband decoupled (BB) and DEPT sp e c tr a  of
( i? )-(+ )-ep oxyau rap ten  ( 6 ) at 5 0 .3  MHz in  CDC13 a t  ambient
tem p era tu re .
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F igure  1 -1 1 .  COSY-45 spectrum* (with N-type s e l e c t i o n )  o f  p r a e a l t in
D (11) at 200 MHz in  CDCI3 at ambient tem perature .
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♦Fourier transformation yielded a spectrum with 3.2 Hz/pt d ig ita l 
resolution in both dimenstions. Acquisition parameters: F1=F2=1655.6 
Hz, AQ=0.3 sec., D l=l sec ., NS=80. Chemical sh ifts  are given in ppm 
re la tiv e  to Me^Si.
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Figure 1 -1 3 .  (*H, *H) COSY-45 spectrum* (with N-type s e l e c t i o n )  of
p r a e a l t in  A (7 )  at 200 MHz in CDClg at ambient
tem perature.
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♦Fourier transformation yielded a spectrum with 3.3 Hz/pt d ig ita l 
resolution in both dimensions. Acquisition parameters: F1=F2=1711.5 
Hz, AQ=0.5 sec., D1=1 sec ., NS=64. Chemical sh ifts  are given in ppm 
re la tiv e  to Me^Si.
Figure 1 14. (*H,*H) J-R esolved spectrum* o f  p r a e a lt in  A
a t  ambient tem perature.
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♦Fourier transform ation  y ie ld e d  a spectrum with 3 .3  Hz/pt d i g i t a l  r e s o lu t io n  in F2 and 0 .2  Hz/pt





1 -1 5 .  Broadband decoupled (BB) and DEPT sp ectra*  o f  p r a e a lt in  A (7 )  at 5 0 .3  MHz in CDCI3
at  ambient tem perature.
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Figure 1 -1 7 .  *H NMR spectrum o f  6 ‘ -h y d rox y-e -cy c loa u rap ten  ( 8 ) at
200 MHz in CDCI3 at ambient tem perature.
Figure 1 -1 8 .  200 MHz COSY-45 spectrum* o f  6 ‘ -h y d r o x y -s -c y c lo a u r a p ten
(8 ) in CDCI3 a t  ambient tem perature.
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♦Fourier transformation yielded a spectrum with 3.3 Hz/pt d ig ita l 
resolution in both dimensions. Acquisition parameters: F1=F2=1712.3 
Hz, AQ=0.3 sec., D1=2 sec ., NS=112 + o ff-sca le , y=20 cm.
Chemical sh ifts  are given in ppm re la tiv e  to  Me^Si.
Figure 1 -1 9 .  NMR spectrum fo r  a m ixture o f  p r a e a l t in  B (4 )  and p r a e a lt in  C (5 )  a t  200 MHz in CDClg
a t  ambient tem perature.




F igure  1 -2 0 .  ( -̂H, *H) COSY-45 spectrum* (with N-type s e l e c t i o n )  f o r  a
m ixture o f  p r a e a l t in  B (4 )  and p r a e a l t in  C (5 )  at
200 MHz in  CDCI3 a t  ambient tem perature.
*Fourier transformation y ie ld  a spectrum with 3.3 Hz/pt d ig ita l 
resolution in each dimension. Acquisition parameters: F1=F2=1666.7 
Hz, AQ=0.3 sec., Dl=2 sec. Chemical sh ifts  are given in ppm re la tiv e  
to  Me^Si.
Figure 1 -2 1 .  200 MHz J -r e so lv e d  2-D spectrum* fo r  a m ixture of p r a e a lt in  B (4 )  and p r a e a lt in  C (5 )  in
CDC13 at ambient tem perature.
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♦Fourier transformation yielded a spectrum with 3.3 Hz/pt d ig ita l resolution in F2 and 0.4 Hz/pt in  
F I.  Acquisition parameters: Fl=±26.0 Hz, F2=1666.7 Hz, AQ=0.3 sec. (F2), AQ=2.5 sec. (F I) ;  Dl=2 sec., 
NS=96, NE=128.















Figure 1 -2 3 .  Downfield region o f  th e  400 MHz NMR spectrum fo r  a m ixture o f  4 and 5 .
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Figure 1 -2 4 .  U p fie ld  region o f  th e  400 MHz NMR spectrum fo r  a m ixture of 4 and 5 .
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Figure 1 -2 5 .  400 MHz ( 1H ,1H) COSY-45 spectrum (w ith  N-type s e l e c t i o n
of a m ixture o f  p r a e a l t in  B (4 )  and p r a e a l t in  C (5 )  in
CDCI3 a t  ambient tem perature.'*
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Figure 1 -2 6 .  Broadband decoupled (BB) and DEPT sp e c tr a  o f  p r a e a l t in  B (4 )  and p r a e a l t in  C (5 )  at
50.3 MHz in CDCI3  at ambient temperature.
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CHAPTER 2
PHYTOCHEMICAL INVESTIGATION OF GUNDLACHIA CORYMBOSA
f
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2 .1  In trod u ction
Astereae is one of the larger trib es  w ithin the Compositae 
fam ily . Solidagineae is one of the six subtribes which comprise 
Astereae. Gundlachia is a re la tiv e ly  small genus with approximately 
nine species belonging to  Solidagineae. I t  is a tropical genus 
d istribu ted  from the Bahamas to  Curacao and H aiti where they occur as 
shrubs.53
A review of the l ite ra tu re  revealed that acetylenes, 
diterpenoids, triterpenoids and flavonoids are represented w ithin the 
subtribe Solidagineae, but none of the species of Gundlachia has been 
chemically investigated .54"5  ̂ Our chemical analysis of Gundlachia 
corymbosa yielded diterpenoids and methoxylated flavonoids (Figure 2- 
1).
Iso lation  of Constituents from Gundlachia corymbosa
Gundlachia corymbosa was collected in the Bahamas in 1977. I t  is  
a leafy shrub with heads of flowers (pale-yellow ) in a flap  top. The 
flowers are found in clusters at the ends of the branches. The leaves 
have a shiny, resinous m aterial deposited on them.5® Dried, ground 
aeria l parts (228.5 g) were extracted in chloroform y ie ld ing  39.0 g of 
crude e x trac t. Further work up of 9.6 g of crude extract as described 
in the experimental section provided 4.0 g of crude syrup. The *H NMR 
spectrum (Figure 2-2) exhibited signals characteris tic  of aromatic 
protons (6 7.0 to 8 .0 ) ,  o le f in ic  protons (6 5.0 to 6 .0 ) ,  methoxyl 
protons (6 3.7 to 4 .0 ) and a lip h a tic  protons (6 0.6 to 2 .0 ) .
The iso lation  and separation of the diterpenoids and the 
flavonoids were accomplished by column chromatography and preparative




F igure  2 -2 .  200 MHz *H NMR spectrum of th e  crude syrup of Gundlachia
corymbosa in  CDClg at ambient tem perature.
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th in -la y e r chromatography on s ilic a  ge l. The fractions were monitored 
by th in -la y e r chromatography and *H NMR spectroscopy. Spectroscopic 
techniques (FT-NMR, MS, FT-IR and UV) were carried out in order to  
determine the structures fo r the isolated compounds.®
2.2 Structural Elucidation of the Diterpenes Isolated from
Gundlachia corymbosa.
( IS * :3R*:4R*:5R*:6S*)5-(3-Hydroxy-3-methy1-4-pentenyl)1 ,4 ,5 ,1 0 -  
tetram ethyl-8-oxobicyclo[4.4.0]dec-9-en-3yl acetate (5 7 ), £2 2 *̂3 4 0 4 * is  
a gum that displayed signals in its  *H NMR spectrum (Figure 2-3) 
ind icative  of o le fin ic  protons ( 6  5.0 to 6 .0 ) ,  methyl groups ( 6  0.9 to  
2.1 ) and a lip h atic  protons ( 6  1.0 to 2 .4 ) . A molecular weight of 362 
a.m.u. was obtained from electron impact and chemical ion ization  
studies. The infrared spectrum indicated the presence of hydroxyl and 
acetate moieties with bands at 3453 and 1736 cm”* ,  respectively. 
Moreover the mass spectrum showed peaks at m/z_ 43 (100.0%) for 
[^ C e O ]*  and 344 (1.3%) fo r [M-H2 0 ] +. A strong IR absorption at 1665 
cm” 1 suggested an o,e-unsaturated carbonyl group. The NMR 
spectral data indicated twenty-two carbon atoms of which six  
represented methyl groups. The preceding data suggested a diterpenoid  
(C2 o ). Two-dimensional NMR experiments, homonuclear ^-resolved and 
COSY-45, were carried out at 200 MHz but several signals were s t i l l  
overlapping. Therefore, a *H NMR spectrum at 400 MHz (Figure 2-4) and 
a (*H, *H) COSY-45 spectrum with N-type selection (at 400 MHz, Figure
®The spectra for the compounds discussed below were placed a fte r  the 
experimental section to prevent interruption of the flow of the 
discussion.
2-5) were obtained. The *H NMR assignments, which are summarized in 
Table 2 -1 , were determined from extensive spin-decoupling experiments 
at 200 MHz in CDCI3  and CgDg (Figure 2-6) and from the spectral data 
obtained at 400 MHz.
Irrad ia tio n  of the doublet of doublets at 6  5.86 (J f l7 .3 ,  10.8 
Hz) affected the m u ltip le t at 6  5 .13. Irrad ia tio n  in CgDg of the 
doublet of doublets at 6 5.08 (J f l0 .8 ,  1.2 Hz) caused each of the 
doublet of doublets at 6 5.74 (H-14) and 6  5.19 (H-15g) to collapse to 
a doublet. S im ila rly , irra d ia tio n  of the doublet of doublets at 6 
5.19 (J f l7 .3 ,  1.2 Hz) collapsed the doublets of doublets at 6  5.08 (H- 
15fl) and 6  5.74 (H-14) to  doublets. The chemical s h ifts ,  
m u ltip lic it ie s  and coupling constants indicated a vinyl group which 
was corroborated by bands in the IR spectrum at 978 and 920 cm"*. 
Moreover, the *H NMR spectrum indicated a three-proton singlet at 6  
1.29 which could be a ttribu ted  to a methyl group attached to carbon 
bearing an oxygen substituent without a proton. The mass spectrum 
showed an intense peak at m/z. 71 (90.8%), which suggested together 




In add ition , the peak at m/z_ 81 (34.9%) was a ttribu ted  to ion F formed 
by the loss of water and subsequent a l ly l ic  cleavage of the diene 
moiety. Further mass spectral support was provided by a peak at m/z_
Table 2-1. *H (MR data* fo r diterpenoids Isolated from Gundlachia corymbosa.
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CUCl3a *c CDCli
H - l 2 .4 2 m 2 .32 dd (1 7 .3 ,1 3 .6 ) 2 .44 dd (1 7 .6 ,1 3 .6 )
H-2
2 .53 dd ( 1 7 .3 ,4 .0 ) 2 .36 dd ( 1 7 .6 ,4 .0 )
H-3 5 .7 0 b r s 5 .72 b r s 5 .7 0 b r s
H-6 2 .22 dd (1 4 .2 ,2 .5 ) 1 .92 .dd ( 1 4 .6 ,2 .5 ) 2 .22 dd ( 1 4 .6 ,2 .4 )
1 .53 dd (1 4 .2 ,3 .5 ) 1 .2 2 : 1 .53 dd ( 1 4 .6 ,3 .5 )
H-7 5 .15 m i1 5 .09 b r dd ( 3 .5 ,2 .5 ) 5 .16 m+
H-8 1 .68 b r q (6 .9 ) 1 .3 3 :F 1 .68 dq ( 6 .9 ,3 .4 )
H-10 1.95 m 1.72 dd ( 1 3 .6 ,4 .0 ) 1 .92 dd ( 1 3 .5 ,4 .0 )
H-14 5 .86 dd (1 7 .3 ,1 0 .8 ) 5 .74 dd ( 1 7 .3 ,1 0 .8 ) 5 .86 dd ( 1 7 .2 ,1 0 .7 )
H -15- 5 .08 dd ( 1 0 .8 ,1 .2 ) 5 .00 dd ( 1 0 .8 ,1 .2 ) 5 .09 b r d  (1 0 .7 )
H -15J 5 .2 0 (1 7 .3 ,1 .2 ) 5 .19 dd ( 1 7 .3 ,1 .2 ) 5 .1 9 b r d (1 7 .2 )
H-16T3H) 1.29 s3 1.09 s 1.29 s
H -17(3H ) 0 .9 2 d '(6 .9 ) 0 .84 d 1(7 .0 ) 0 .9 2 d 1( 6 .9 )  .
H -18(3H ) 1.27 s 1 .00 s 1.27 s
H -19(3H ) 1 .88 d 1(1 .6 ) 1 .32 b r s 1 .88 b r s
H -20(3H ) 1 .05 s 0 .9 0 s 1 .05 s
H-22(3H) 2 .0 8 s 1 .65 s 2 .0 8 s
‘ Chem ical s h i f t s  a re  g iv e n  1n ppm r e la t iv e  t o  M e ^ i .  M u l t i p l i c i t i e s  a re  
d e s ig n a te d  as f o l lo w s :  b r ,  b roadened; d ,  d o u b le t ;  m, m u l t i  p ie t  whose c e n te r  
i s  y iv e n ;  t ,  t r i p l e t ;  s ,  s in g le t .  C o u p lin g  c o n s ta n ts  ( J )  o r  l i n e  s e p a ra tio n s
“ I p e c f r u n ^ o ^ a fn e ^ a ? 9^ 1!® !6^  am bien t te m p e ra tu re .
^Spectrum  o b ta in e d  a t  400 MHz a t  am b ien t te m p e ra tu re .
'•CoupTiny c o n s ta n ts  were de te rm ined  by ^ - r e s o lv e d  Z-U s p e c tro s c o p y .
^A ss ignm en ts  in te rc h a n g e a b le .  M u l t i p l i c i t y  was p a r t i a l l y  obscured  by o th e r  s ig n a ls .
‘ M u l t i p l i c i t y  was obscured by o th e r  s ig n a ls .
Table 2 -1 .  Continued
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H-2 2 . 0 1  m f 2.30 m 











r2.*17 dd (14 .6 ,2 .5 )  






H-14 5.88 dd (17 .3 ,10 .8 ) 5.77 dd (17 .3 ,10 .8 ) 5.89 dd (17 .3 ,10 .8 ) 5.76 dd (17 .3 ,10 .8 )
H-15a 5.07 dd (10 .8 ,1 .2 ) 4.97 dd (10 .8 ,1 .2 ) 5.07 dd ( 1 0 . 8 , 1 . 2 ) 4.95 dd (1 0 .8 ,1 .2 )
H-15.
H-16(3H)
5.20 dd (17 .3 ,1 .2 ) 5.18 dd (17 .3 ,1 .2 ) 5.20 dd (17 .3 ,1 .2 ) 5.16 dd (1 7 .3 ,1 .2 )
1.28 s 1.25 s 1.29 s 1 . 1 1  s
H-17(3H)
H-18(3H)
0.84 d (7 .0 ) 
1.17 s
0.91 d (7 .0 ) 
1 . 1 1  s
0.76 d (6 .5 ) 0.78 d (6 .5 )







0.67 s 0.82 s
263 (5.6% ). Irrad ia tio n  of the broadened singlet at 6 5.70 resulted 
in an increase in in tensity  and sharpening of the three-proton  
multi p ie t at 6  1.88. In return , when the signal at 6  1.88 was
irrad ia ted  the broadened singlet at 6  5.70 (H-3) sharpened. This
suggested a methyl group attached to a double bond a l ly l ic a l ly  coupled 
to an o le fin ic  proton, ^-resolved 2-D spectroscopy corroborated these 
results exh ib iting  an a l ly l ic  coupling constant of 1.6 Hz. The 
chemical s h ift  of 6 5.70 fo r the o le fin ic  proton (H -3 ), together with
a strong absorption at 238 nm in the UV spectrum and an IR band at
1665 cm" 1 suggested an o,B-unsaturated carbonyl moiety. The COSY-45 
spectrum at 400 MHz showed that the doublet of doublets at 6  1.92 
(Jj=13.5, 4.0 Hz) was coupled with each of the doublet of doublets 
centered at 2.44 (Jj=17.6, 13.6 Hz) and 2.36 (J f l7 .6 ,  4.0 Hz). The 
large coupling constants suggested geminal coupling, that is ,  a 
methylene group adjacent to a carbon bearing one proton only. In 
benzene-dg at 200 MHz the doublet of doublets at 6  2.53 corresponded 
to a methylene proton exh ibiting geminal coupling (Jj=17.3 Hz) and a 
vicinal coupling constant of 4.0 Hz. The second methylene proton at 6  
2.32 showed a geminal coupling of 17.3 Hz. Its  v ic inal coupling 
constant (Jj=13.6 Hz) indicated an anti peri planar orientation of these 
two vicinal protons, which must be a methine proton absorbing at 6  
1.72 as a doublet of a doublets (J f l3 .6 ,  4.0 Hz). In add ition , one of 
the methylene protons was more downfield than the other, and since the 
methylene and methine protons had to be attached to non-proton-bearing 
carbons, the methylene protons were assigned to C -l and the methine 
proton to the adjacent C-10. Based on chemical s h ift  considerations 
the methylene group must be next to the keto group (C-2) with a double
bond between C-3 and C-4. A methyl group at C-5 was indicated since 
the o le fin ic  proton (H-3) exhibited an a l ly l ic  coupling only to the 
o le fin ic  methyl group at C-4. Thus the three-proton singlet at 6  1.27 
was assigned to H-18 (C-5 m ethyl). Irrad ia tio n  at 6  5.15 
(disregarding the p a rtia l irrad ia tio n  of H-15b) resulted in a collapse 
of each of the doublet of doublets at 6  2.22 (J f l4 .2 ,  2.5 Hz) and 6  
1.53 (J_=14.2, 3.5 Hz) to sharp doublets and the broadened quartet at 6  
1.68 sharpened. The chemical s h ift  of 6  5.15 was ind icative  of a 
proton attached to  carbon bearing the acetate group (H -7 ).
Furthermore, irra d ia tio n  of the doublet of doublets at 6  2.22 (Jj=14.2,
2.5 Hz) caused a sharpening in in tensity  fo r the signal at 6 5.15 and 
the doublet of doublets at 6  1.53 (Jj=14.2, 3.5 Hz) collapsed to a 
broadened s in g le t. Saturation at 6 1.52 affected the m u ltip le t at 6
5.15 and the doublet of doublets at 6 2.22 collapsed to a broadened 
s in g le t. Based on the chemical s h ifts , the m u ltip lic it ie s  and 
coupling constants fo r each of the doublet of doublets at 6 2 . 2 2 , 6 
1.52, a methylene group had to be present next to the acetate-bearing  
carbon (C-6 ) .  The downfield s h ift of one of the C- 6  protons ( 6  2.22) 
indicated that i t  is  in the deshielding sphere of the acetate group. 
Irrad ia tio n  of the broadened quartet at 6  1.68 (J f6 .9  Hz) sharpened 
the C-7 proton ( 6  5.15) and the three-proton doublet at 6 0.92 (Jj=6.9 
Hz) collapsed to a s in g le t. Furthermore, at 400 MHz, the m u ltip lic ity  
of the m ultip le t at 6  1 . 6 8  was c learly  shown as a doublet of a quartet 
(J f6 .9 , 3.4 Hz) and was assigned to H-8 . The above NMR and mass 
spectral data indicated the presence of fragments G, H and K in the 
diterpene 57. Based on biogenetic grounds structure 57, exclusive of 
stereochemistry, could be proposed fo r the new diterpene, which









The 13c nmr data fo r the diterpene 57, summarized in Table 2 -2 , 
corroborated the proposed structure. The m u ltip lic it ie s  fo r the 
carbons werfe determined by off-resonance decoupling (Figure 2-7) and 
heteronuclear multi pulse programs (DEPT and JMODX, and 2 -8 ) .a In a 
recent paper, Wenkert^ and co-workers reported the NMR data for 
labdanic and clerodanic diterpenes. Compound 63, which lacks in an
aJMODX is a heteronuclear multi pulse experiment which stands fo r J - 
modulated spin-echo (X -n u c le i). I t  is a technique used fo r the 
determination of carbon m u lt ip lic ity . Quaternary carbons are observed 
in th is  experiment whereas in DEPT they are not observed. However, 
JMODX is more dependent on coupling constants than in DEPT.
Table 2 -2 .  NMR data*  a t  5 0 .3  MHz fo r  th e  d i ter p en o id  57.
Assignment 6 , m u ltip lic ity





C- 6 38.62 t
C-7 74.54 d
C- 8 37.68 d
C-9 39.01a s
C-10 45.47 d






C-17 1 1 . 8 6  q





*The chemical sh ifts  were determined re la tiv e  to the CDCI3  absorption 
and converted to the TMS scale using 6 (CDCI3 ) = 77.00 ppm. Peak 
m u ltip lic it ie s  were determined by off-resonance decoupling. 
Assignments interchangeable.
a c e t a t e  group a t  C -7 ,  c l o s e l y  p a r a l l e l s  th e  s tr u c tu r e  fo r  57.
The assignments fo r diterpene 57 are in agreement with the reported 
data . 5 9  The differences between the two compounds occur at C-7, C-17 
and C-19. C-7 occurs at 6  74.57 in 57 because i t  is the carbon 
bearing an acetate group. C-17 and C-19 have chemical sh ifts  of 15.9 
and 32.0, respectively fo r 63 whereas signals at 5 11.86 and 19.88 are 
found in the *5C IHR spectrum for 57. The upfield sh ifts  fo r C-17 and 
C-19 in 57 were a ttribu ted  to the influence of the acetate moiety at 
C-7.
The mass spectral data (Scheme 2-1) also supported the structure  
fo r 57. Fragments at m/z_ 362 (0.9%), 344 (1.3%), 284 (1.2%), 81 
(34.9%), 71 (90.8%) and 43 (100.0%) corresponded to [M]+ , [M-H2 0 ]+ , 
[M-Ac0H-H2 0 ]+ , [A '-H 2 0 ]+, [C ']+ and [CH3 C=0 ]+ , respectively. The 
major fragmentation pathway (Scheme 2-1) involved, a fte r  loss of AcOH, 
a retro -D ie ls-A lder reaction to give ions at m/z  ̂ 122 (52.7%) and jn/z_ 
180 (0.2% ). Cleavage at C-12, C-13 of fragment E gave m/z_ 109 
(47.8%).
The re la tiv e  stereochemistry fo r 57 was determined by NOE 
difference spectroscopy in deuterochloroform at 400 MHz. The absence 
of NOE for H-10 and the methyl group at C-9 indicated that they were 
opposite in configuration i . e . ,  one o and one 3* A NOE was observed 
between the two methyl groups at C-9 and C- 8  and the la t te r  methyl 
group also exhibited an NOE with H-7. The coupling patterns suggested
4
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Scheme 2 -1 .  Mass sp e c tr a l  fragm entation  pathways fo r  57.
I -  AcOH
m/z 302 ( 0 .7 )
OH
m /z 162 ( 6 .7 )HO
m /z 95 (2 5 .1 )
m/z 109 (47.8)
m/z 122 (52.7)
a trans ring junction . Therefore, the re la tiv e  stereochemistry 
proposed for the (new) diterpene is shown in structure 57. The 
stereochemistry at C-13 remains open.
( IS * :4R*: 5S*:6 S *)5 - ( 3-Hydroxy-3-methy1-4-penteny1 -1 ,4 ,5 ,1 0 -  
te tram ethyl(b icyclo -[4 .4 .0]dec-9-en -3yl acetate (5 6 ), 1S a
gum that displayed a NMR spectrum (Figures 2-9 and 2-10) and mass 
spectral fragmentation patterns sim ilar to those of 57. The major 
skeletal difference appeared to be the absence of a carbonyl group at 
C-2 as evidenced by an end absorption in its  UV spectrum and the IR 
spectrum showed an absorption at 1738 cm" 1 only. The carbonyl band at 
1738 cm" 1 corresponded to that of an acetate group which was 
corroborated by an ion at m/z_ 43 [CH3 C^)]+ (78.8%) in the mass 
spectrum. A molecular weight of 348 a.m.u. was obtained from chemical 
ionization mass spectrometry. The proton assignments, which are 
summarized in Table 2 -1 , were determined from extensive spin 
decoupling experiments at 200 MHz in CDCI3  and CgDg and from two- 
dimensional, JH to 1H correlation  spectroscopy (Figure 2 -11 ). The 
o le fin ic  proton at 6  5.15 in diterpene 56 was assigned to H-3. The
57
chemical s h ift  indicated the absence of the adjacent C-2 keto group as 
in 57 the C-3 proton of which absorbed at 6 5 .70. Furthermore, 
irra d ia tio n  at 6  5.13 (H-3) in deuterobenzene collapsed the doublet at 
6  1.54 (H-19) to a singlet and caused a s lig h t sharpening of the 
m ultip le t at 6  2 .01. Irrad ia tio n  at 6  2.01 (H-2) affected the area at 
& 1.64 and caused a sharpening and increase in in tensity  fo r the 
m ultip le t at 6  5.13 (H -3 ). The methyl group on the double bond 
absorbed at 6  1.57 fo r 56 as opposed to  6  1.88 in 57 which fu rther  
corroborated the absence of a carbonyl group at C-2 fo r compound 56.
In addition the methyl group attached to C-5 occurred more upfield  
fo r 56 ( 6  1.17) re la tiv e  to 57 ( 6  1 .27 ). The proton attached to the 
carbon bearing the acetate group had a chemical s h ift in CDCI3  of 6
5.15 fo r 56 which was s im ilar to 57. Irrad ia tio n  at 6 5.22 in
/%r>
deuterobenzene caused the doublet of doublets at 6  2.17 (H-6 , ^=14.6,
2.5 Hz) to collapse to a doublet and also affected the areas at 6 1.18 
(H-6 ) and 6 1.45 (H-8 ) .
Due to the s im ila r it ie s  of the proton absorption of 56 and 57, 
structure 56 was proposed for the new diterpene. The mass spectral 
fragmentation pathways (Scheme 2-2) were also sim ilar to those of 57. 
Compound 56 does not show a molecular ion in the electron impact 
spectrum, but ions at m/z  ̂ 270 (6.4% ), 255 (10.1%) and 189 (32.4%) were 
assigned to [M-Ac0H-H2 0 ]+ , [M-Ac0H-H2 0-Me]+ and [M-Ac0H-SC]+ , 
respectively. A fter loss of AcUH, a retro -D ie ls-A lder reaction would 
lead to fragments D and E. Loss of three additional hydrogens from 
fragment D result in the stable methyltropyllium ion (m/z  ̂ 105,
25.2%). Further fragmentations of ion E are shown in Scheme 2-2.
1 O
The NMR data are summarized in Table 2 -3 . The m u ltip lic it ie s
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m/z 108 (1 4 .1
/
m /z 107 (3 4 .9 )
m /z 95 (7 9 .2 )
m /z 162 (2 .0 )
m /z 109 (2 6 .9 )
m /z 105 (2 5 .2 ) m/z 106 (8.8)
Table 2 -3 . * 3C NMR data* at 50.3 MHz fo r the diterpenoids
56 and 58.
Assignment 56 58
C -l 17.87 t 17.30 t
C-2 26.65 t 26.07 t
C-3 1 2 0 . 1 2  d 125.76 d
C-4 144.56 s 136.28 s
C-5 </>
rdrHCO•CO 48.88 s
C- 6 39.92 t 34.48 t
C-7 75.42 d 28.33 t
C- 8 38.08 d 36.36 d
C-9 38.01a s 38.55 s
C-10 46.17 d 48.13 d
C - l l 32.83 t 31.11 t
C-12 35.51 t 33.73 t
C-13 73.26 s 73.29 s
C-14 144.96 d 144.89 d
C-15 111.99 t 111.87 t




Other signals 21.43 q 18.51 q




*The chemical sh ifts  were determined re la tiv e  to the CDCI3  absorption, 
and converted to  the TMS scale using 6  (CDCI3 ) = 77.00 ppm. Peak 
m u ltip lic it ie s  were determined by off-resonance decoupling. 
Assignments interchangeable.
were determined from off-resonance decoupling, DEPT and JMUDX 
experiments (Figure 2 -1 2 ). The data corroborated the structure  
fo r 56 and supported the absence of a keto group at C-2 by the 
presence of an additional methylene group and the absence of a 
quaternary carbonyl carbon. Furthermore, the chemical s h ift  fo r C-4 
was 6 144.56 for 56 as opposed to 6  171.80 in 57. The data were also 
compared to the data presented by Wenkert for s im ilar compounds.^
The re la tiv e  stereochemistry fo r 56 was mainly based on 
s im ila r it ie s  of the *H NMR patterns of 56 and 57 and biogenetic 
reasoning, that is ,  the co-occurrence with the s tru c tu ra lly  related  
diterpene 57. The stereochemistry at C-7 could not be assigned 
because the coupling constants fo r the protons at C- 6  and C- 8  were not 
obtained due to the overlap of signals. The stereochemical 
assignments fo r 56 could not be corroborated by NOE studies because of 
spontaneous decomposition of diterpene 56.
(lR *:6S*:7S*:8S*)5-(3-H ydroxy-3-m ethyl-4-pentenyl)2,7,8- 
trim ethylb icyclo [4 .4 .0]dec-2-ene-l-carboxylic  acid (5 8 ), C2o^32®3» "*s 
a gum that displayed in the *H !WR spectrum (Figures 2-13 and 
2-14) three doublet of doublets at 6  5.89 (Jj=17.3, 10.8 Hz), 6 5.07 
(J f l0 .8 ,  1.2 Hz) and 6  5.20 (J f l7 .3 ,  1.2 Hz) characteris tic  of a vinyl 
group as in 56 and 57. A molecular weight of 320 a.m.u. was obtained 
from chemical ionization mass spectrometry and showed end absorption 
in its  UV spectrum. The IR spectrum showed a strong, broad absorption 
band from 3402 to  2625 cm”* which was characteris tic  of a carboxyl 
moiety. The mass spectrum displayed an ion at m/^ 303 (1.2%) 
corresponding to [M-0H]+ . The band fo r the carbonyl stretch occurred 
at 1690 cm"*, an absorption frequency characteris tic  of an angular
carboxyl group as exemplified by the triterpene ursolic acid, which 
contains an angular carboxyl group at C-17 and exhibits a carbonyl 
stretch at 1690 cm” 1 . ® 0 3
The presence of a trisu b stitu te d  double bond was indicated by an 
absorption band in the IR spectrum at 839 cm"1. Irrad ia tio n  of the 
one-proton m ultip le t at 6  5.52 (H -3 ), resulted in a sharpening and 
increase in in tensity  fo r the broadened singlet at 6 1.59 (H-19) and 
the area at 6  2 .30 . Irrad ia tio n  at 6 0.76 which corresponded to a 
methyl group attached to a methine group, affected the area at 6  1.54 
(H-8 ) .  Based on the above data, structure 58 was te n ta tiv e ly  proposed 
fo r the compound. The ( 1 H, COSY-45 spectrum (Figure 2-15) 
supported the proton assignments which are summarized in Table 2-1 .
The carboxyl group could be attached to C-5 or C-9 but attachment to 
C-5 instead of C-9 was given preference since lactonization with the 
C-13 hydroxyl group should be expected when attached to C-9. The side 
chain at C-9 was the same as in 56 and 57 as evidenced by the ions in 
the mass spectrum at m[z_ 302 (3.0% ), 221 (22.5%), 81 (76.8%) and 71 
(92.7%) which corresponded to [M ^ O ]* ,  [M-SC]+ , [SC-H2 0 ]+ and [M- 
B ']+ , respectively.
The 13C MIR data, which are summarized in Table 2 -3 , corroborated 
the molecular weight and structure fo r 58. The m u ltip lic it ie s  fo r the
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carbon atoms were determined from off-resonance decoupling experiments 
(Figure 2-16) and heteronuclear multipulse experiments (Figure 2-17)
(DEPT and JMODX). The e ffec t of the carboxyl group on C-5 was 
indicated by a downfield s h ift  to 5 48.88 fo r C-5.
The re la tiv e  stereochemistry fo r 58 is as shown. The chemical 
sh ifts  fo r the methyl groups attached to  C- 8  ( 6  0 .76) and C-9 ( 6  0.67) 
indicated that they were in the shielding sphere of the carboxyl 
group. The stereochemistry could not be confirmed by NOE studies due 
to spontaneous decomposition of the sample.
A review of the lite ra tu re  revealed that 57 was a known compound, 
the 7-acetate of stachysolone. The compound was recently isolated by 
Lasnigro and co-workers . 6 0 6  Our spectral data are in fu l l  agreement 
with those reported in the l ite ra tu re . 6 0 6  Diterpenes 56 and 58 
represent new natural products and were named corymbosin A and 
corymbosin B, respectively.
2.3 Structural Determination of the Methoxylated Flavonoids from
Gundlachia corymbosa
Casticin (6 0 ), C jgHj_g0g, is a yellow solid that appeared as a 
dark purple spot on a th in -la y e r plate (s il ic a  gel) under UV lig h t and 
exhibited bands at 258, 273 (sh) and 346 nm in its  u ltra v io le t  
spectrum. The infrared spectrum displayed characteris tic  bands at 
3409 cm' 1 (0-H s tre tc h ), 1657 cm" 1 (C=0 stretch) and 1593, 1531, 1512 
cm" 1  (aromatic C=C s tre tc h ). The 1H NMR spectrum showed signals 
corresponding to aromatic and methoxyl protons, an intram olecularly  
bonded hydroxyl proton and the absence of upfield  signals. Moreover, 
the molecular ion was observed as the base peak in the mass
spectrum. The above data suggested a 3-methoxylated flavone aglycone.
The mass spectral data are very important in determining 
substitution patterns fo r flavonoids. Two major fragmentation 
pathways fo r flavonoids®^ result in diagnostic fragmentation patterns, 
as shown in Scheme 2-3. The top pathway represents a re tro -D ie ls -  
Alder reaction in which 60 gave an Aj of m/z_ 196 ind icating two 
methoxyl groups and a hydroxyl group (Table 2 -4 ). The Bj fragment for 
60 at m/z_ 178 suggested a methoxyl and a hydroxyl group. A strong 
fragment (54.4%) due to the loss of a methyl group was in d ica tive  of a 
methoxy group at C- 6  of the A -ring . The bottom fragmentation pathway 
in Scheme 2-4 gives a fragment, B0 , characteris tic  of substitution in 
the B-ring. Compound 60 exhibited a B̂  fragment, with m/z. 151» which 
corroborated fragment B^.
The NMR data for 60 are summarized in Table 2-5 and show four 
methoxyl groups at 6  3 .99 , 3 .96, 3.92 and 3.87. The hydroxyl group 
fo r ring A was assigned to C-5 since i t  appeared as a broadened 
singlet at 6  12.59, indicating intramolecular hydrogen bonding to the 
carbonyl group of ring C. Based on biogenetic considerations,®^ the 
one-proton singlet at 6  6.51 was assigned to C-8 . The remaining 
protons corresponded to B-ring protons. Irrad ia tio n  experiments 
showed that the one-proton doublet at 6 6.97 (J f8 . 8  Hz, H-5‘ ) was 
coupled to the doublet of doublets at 6  7.73 (Jj=8.8,1.9 Hz) which was 
assigned to H-6 ‘ . Furthermore, H-6 ' showed a coupling ( i . e .  meta 
coupling) to the one-proton doublet at 6  7.68 (J_=1.9 Hz) which was 
assigned to H -2 '. The m u ltip lic it ie s  and coupling constants suggested 
two possible substitution patterns fo r the B-ring:
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Scheme 2-3 . Diagnostic mass spectral fragmentation pathways for 
flavonoids.
I
?| ♦ 0=C=CH * ° ~ C~ ~ ^ 3A 2
Table 2-4. Mass spectral fragmentation data fo r the flavonolds 59, 60 and 61.
[M -M e- t ^ i *
Compound [M ]+ [M -H ]+ [H -M e]+ [M -1 8 ]+ [M -C 0 ]+ [M -KC0]+ C 0 ]+ [A ,+ H ]+ [A , - H e ]+ [A , -C 0 ]+ C0Me]+ COHe- [ B . ] + [B , -M e ]+ [ B , ] +
~1 ~1 C0] f  ~x ~x
59 404 403 389 386 376 375 361 197 181 168 153 125 208 193 181
(1 0 0 .0 ) (3 1 .1 ) (8 3 .2 ) (9 .6 ) (1 .6 ) (6 .8 ) (1 4 .5 ) (3 .8 ) (2 1 .1 ) (1 .3 ) (2 2 .5 ) (5 .4 ) (2 .0 ) (8 .2 ) (2 1 .1 )
60 374 373 359 356 346 345 331 197 181 168 153 125 178 163 151
(1 0 0 .0 ) (4 8 .9 ) (5 4 .4 ) (1 4 .6 ) (1 .7 ) (6 .6 ) (1 6 .4 ) (3 .2 ) (1 1 .3 ) (1 .0 ) (1 9 .2 ) (5 .4 ) (1 .6 ) (7 .3 ) (2 3 .3 )
61 390 389 375 372 362 361 347 197 181 168 153 125 194 179 167
(1 0 0 .0 ) (4 7 .9 ) (5 3 .0 ) (1 2 .7 ) ( 1 .7 ) (8 .3 ) (1 5 .6 ) ( 4 .3 ) (2 6 .3 ) (2 .7 ) (2 8 .8 ) (8 .1 ) (2 .7 ) (1 1 .6 ) (1 8 .4 )
cn
’■>4
Mabry and co-workers6  ̂ have shown that these substitution patterns can 
be d iffe re n tia te d  by *H NMR. When H-6 1 is downfield from H -2 ', 
substitution pattern M results and i f  H-2‘ is  downfield from H-6 ' ,  
pattern N must be present. The absorptions fo r H-2‘ and H-6 ' were 
second order at 200 MHz but high f ie ld  NMR (400 MHz) s im plified  the 
spectrum (Figure 2-18) to  a f i r s t  order pattern from which the 
substitution pattern M was evident. Consequently structure 60 was 
proposed. A review of the lite ra tu re  revealed that i t  is a compound 
of known structure named c a s tic in . The UV, IR, MS and *H NMR data are 
in fu l l  agreement with data reported in the l i te r a tu r e . 6 ^ - 6 6
3 * .S .S '-T rih yd ro xy -S ^ 1 ,6,7-tetram ethoxyflavone (6 1 ), CjgHjgOg, a 
yellow s o lid , displayed signals in its  *H NMR and mass spectra that 
indicated its  close structural relationship to flavone 60. Bands at 
272 and 336 nm were observed in the u ltra v io le t spectrum for 61 and a 
molecular weight of 390 a.m .u. (base peak) was obtained from electron  
impact mass spectrometry. Substitution at C-3 was again indicated by 
the appearance of 61 as dark purple under UV l ig h t .  The substitution  
pattern in the A-ring had to be the same as in 60 as evidenced by the 
singlets at 6  6.50 (H-8 ) and 12.35 (C-5 hydroxyl proton) in the *H IflR 
spectrum and the A. and derived fragments in the mass spectrum (TablesJ.
2-4 and 2 -5 ). The d ifference between the two compounds was thus in  
the substitution pattern of the B -ring. Compound 61 displayed 
a B2  fragment of m/z_ 167 which was 16 a.m.u. higher
Table 2 -5 . *H NMR data* fo r the flavonoids 59, 60 and 61 in CDClo at
m m  > s /s  O
ambient temperature.
Assignment 59a 60a 60*3 61a
H-8 6.51 s 6.51 s 6.51 S 6.50 s
C-5,hydroxyl 12.52 br s 12.59 br s 12.59 br s 12.35 br s
H-2' T 'I 7.68 d (1 .9 ) T
>7.35 s >7.72 m >7.32 s
H-6' J J 7.73 d d (8 .8 ,1 .9 ) J
H-5' 6.97 d (8 .8 ) 6.97 d(8 .8 )
OMe 4.01 s 3.99 s 3.99 s 4.02 s
OMe1 3.97 s 3.96 s 3.96 s 3.94 s
OMe11 3.95 s 3.92 s 3.92 s 3.91 s
OMe111 3.93 s 3.87 s 3.87 s 3.83 s
0MeIV 3.89 s
5.75 br s 5.72 br s
(C-3* hydroxyl) (C -31 hydroxyl)
♦Chemical sh ifts  are given in ppm re la tiv e  to Mei*Si. M u lt ip lic it ie s  
are designated as: d, doublet; m, m u ltip le t whose center is given; s, 
s in g le t; t ,  t r ip le t ;  b r, broad. Numbers in parentheses are coupling 
constants or lin e  separation in hertz.
aSpectrum run at 200 MHz.
^Spectrum run at 400 MHz.
than Bg fo r 60, indicating an additional hydroxyl group. The 1H NMR 
spectrum fo r  61 showed a two-proton singlet at 6  7.32 suggesting that 
H-21 and H-6 * are magnetically equivalent, thus supporting structure  
61 fo r th is  molecule. A lite ra tu re  search revealed that compound 
61 had been isolated previously and the UV and WR data fo r 61 are 
in fu l l  agreement with the data reported in the l i te r a tu r e .6^
4 ‘ tS-D ihydroxy-S^ 1 ,5 ' ,6,7-pentamethoxyflavone (5 9 ), C2 QH2 0 O9  is  
a yellow solid  that exhibited maxima at 272 and 336 nm in its  
u ltra v io le t spectrum. A molecular weight of 404 (base peak) was 
obtained from electron impact mass spectrometry including a methoxyl 
group at C-3. The *H NMR data of 59 indicated a close structural 
re lationship of compounds 59 and 61. The same A-ring substitution  
pattern was evident from the two, one-proton singlets at 6  6.51 (H-8 ) 
and 12.52 (C-5 hydroxyl proton) and mass spectral fragments at m/z 
197, 196, 181, 168, 153 and 125 (Table 2 -4 ). Furthermore, 59 showed 
B, and B„ fragments of m/z 208 and 181, respectively that were 14 
a.m.u. higher than those fo r 61, suggesting that two methoxyl groups 
and one hydroxyl group have to  be present in the B-ring of 
compound 59. The NMR spectrum displayed a two-proton singlet at 6 
7.35 indicating that the B-ring protons were equivalent (Table 2-5) 
suggesting structure 59 fo r the 4 * ,5-d ihydroxy-3,3 ' , 5 ' ,6 ,7 -  
pentamethoxyflavone molecule. A review of the lite ra tu re  revealed 
that compound 59 had been isolated previously by Wu and co-workers6® 
and named murranyol. However, th e ir  UV data are not in agreement with 
our data. The authors reported maxima at 255, 267, 344 ( in f le c tio n )  
and 360 nm in the UV spectrum (in  EtOH) for murranyol. The A-ring
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substitution patterns fo r  59, 60 and 61, i . e .  5-OH, 6,7-dimethoxy, 
were the same as evidenced by mass spectral and *H NMR data. In 
p a rtic u la r, 6-OMe is  supported by a strong [M-Me]+ fragment. 
Furthermore, i f  the substitution pattern in the A-ring was as 
in 64, H-6 would appear as a singlet at 6 6 .4 3 ,^  whereas in 59 the 
proton is found at 6 6.51 (H -8 ). In add ition , band-II (Figure 2-19) 







Substitution at C-3 was present in 59, 60 and 61 by th e ir  appearance 
under UV lig h t as dark purple. I f  the substitution patterns fo r rings 
B and C are as in 64 then band-I (Figure 2-19) is found at 344, (313) 
nm as opposed to 336 nm in 59. In add ition , H-2‘ and H-61 appear as a 
singlet at 5 7.47 in 64 but at 6 7.32 in 61 and at 6 7.35 in 59.
rs  IN  r*mf^
Moreover, 59 and 61 both have substituents at positions 3 ' ,  4' and 
5 ‘ . Two hydroxyl groups flank a methoxyl group in 61 whereas two 
methoxyl groups flank a hydroxyl group in 59 and both 59 and 61 
exh ib it band-I at 336 nm in th e ir  UV spectra. Structure 59 was also
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proposed on a biogenetic basis, s p e c ifica lly  the iso la tion  of two 
other s tru ctu ra lly  related compounds (60 and 61). The bands in the 
UV spectrum for 59 reported by Wu are very d iffe re n t from our results  
and th e ir  data sugyest d iffe re n t substitution patterns in the A- and 






band I I  j band I 
(240-285 nm) (300-400 nm)
Figure 2-19. Typical UV bands fo r flavonoids.
2.4 Experimental
M aterials and Instrumentation
The following chromatographic materials and instrumentation were 
used fo r the iso lation  of the natural products and the data 
co llec tio n .
A Wiley M ill (Model 4, motorized, Arthur Thomas Co.) with a 3 mm 
mesh was used to grind dried plant m ateria l.
S ilic a  Gel G, UV-254 was used fo r routine TLC analysis and fo r  
prep. TLC (2 mm layer thickness, 20 x 20 cm, Brinkmann Instruments
Co.)•  S ilic a  g e l, 60-200 mesh, was used fo r column chromatography 
(J .T . Baker Chemical Co.)*
Chromatographic columns were silanized in the following way: The 
column was rinsed with toluene, f i l le d  with 95% toluene/5% Me2SiC l2 
(Aldrich Chemical C o .), and allowed to s it  fo r 15 minutes. The column 
was drained and then rinsed with toluene. Sand and glass wool were 
also s ilan ized .
Nuclear magnetic resonance (NMR) spectra were recorded at 400 MHz 
with a Bruker AM 400 Fourier transform NMR spectrometer ( f ie ld  
strength of 9.4 te s la ) ,  at 200 MHz with a Bruker WP2U0 Fourier 
transform NMR spectrometer ( f ie ld  strength of 4.7 te ls a ) or at 100 MHz 
with an IBM NR/100 Fourier transform NMR spectrometer ( f ie ld  strength 
of 2.3 te ls a ) .  Deuterated chloroform or benzene was used as a solvent 
and tetram ethylsilane as an in ternal MR standard. Carbon-13 magnetic 
resonance spectra were recorded at 50.3 MHz or 25.17 MHz, respectively  
fo r the la t te r  two spectrometers.
Standard microprograms from Bruker were used for two-dimensional 
and carbon-13 (DEPT and JMODX) NMR experiments^0. The following  
parameters were used for broadband and off-resonance decoupling 
experiments: decoupler power = 1 w att, relaxation delay of 2 sec. and 
a f l i p  angle of 67 .2 °. The decoupler ca rr ie r  frequency was offset by 
5 ppm fo r off-resonance decoupling experiments. A recycle delay of 2 
sec. was used fo r the DEPT experiment.
The COSY-45 experiment (correlated spin-echo spectroscopy, N- 
type) consisted of the acquisition of 256 FIDs (of x scans each) of IK 
data points. The data were zero f i l le d  to 512W in the FI dimension 
a fte r d ig ita l f i l te r in g  (sine bell window function in each
dimension). Fourier transformation gave a spectrum that was subjected 
to magnitude ca lcu la tio n . The data matrix was then symmetrized about 
the diagonal.
The COSY-45 experiment (with N-type selection) at 400 MHz 
fo r 57 consisted of the acquisition of 256 FIDs (of 16 scans each) of 
IK data points. The data were zero f i l le d  to 512 W in the FI 
dimension a fte r  d ig ita l f i l te r in g  (sine bell window function in each 
dimension). Fourier transformation yielded a spectrum with 5.5 Hz/pt 
d ig ita l resolution in each dimension. Other acquisition parameters 
were: F1=F2=2857.14 Hz, AQ=0.18 sec ., NS=16, Dl=1.5 sec.
The homonuclear J-resolved experiment (JRES2D) involved the 
acquisition of 256 FIDs or 128 FIDs (of x scans each) of IK data 
points. A fter d ig ita l f i l te r in g  the data were zero f i l le d  to 512W 
(NE=256) or 256W (NE=128) in the FI dimension. Fourier transformation 
yielded a spectrum that was then magnitude calculated. A fter the data 
matrix was t i l t e d ,  i t  was symmetrized about the F1=0 axis .
U ltra v io le t spectra were taken in spectrophotometric grade 
methanol with a Hewlett Packard 8451A Diode Array spectrophotometer.
Infrared spectra were obtained on an IBM IR/32 Fourier transform 
spectrophotometer. Samples were run as a film  (KBr disk) or as a KBr 
p e lle t and spectra (resolution 4 cm"*) represent sample with 
background subtraction. The following procedure was used fo r the 
preparation of a film : the sample was dissolved in dichloromethine, 
applied to the disk and the solvent was removed by evaporation.
Mass spectra were recorded on a Hewlett Packard (HP) 5985 mass 
spectrometer equipped with a d irect in le t  probe and a gas 
chromatograph (HP 5840). Electron impact and chemical ionization
spectra were obtained at 70 eV with a source block temperature of 
200°C.
Chemical Studies of Gundlachia corymbosa
Oundlachia corymbosa Britton was collected in the Bahamas in 1977 
by D.S. Correll and B. L. Turner. The voucher is deposited at the 
Herbarium of the University of Texas at Austin. Dried and ground 
aeria l parts (228.5 g) were extracted by s t ir r in g *  in 2.1 L of CHCI3  
and a fte r  suction f i l t r a t io n ,  the solvent was removed in vacuo to  
y ie ld  39.0 g of crude e x tra c t. The CHCI3  extract was subjected to the 
following procedure: 9.6 g. of the CHCI3  extract was dissolved in
250.0 ml. of 95% EtOH. An aq. 5% lead ( I I )  acetate solution (250.0 
ml) was added to  the ethanolic solution and the mixture was f i l te re d  
by suction over a C e lite  pad. The ethanol was removed from the 
f i l t r a t e  on a rotary evaporator. The w ater/o il mixture ("•185 m l.) was 
extracted three times with 45.0 ml. of CHCI3  each tim e. The combined 
CHCI3  extracts were dried over anhydrous MgSO ,̂ f il te re d  and the 
solvent removed in vacuo to y ie ld  4.0 g. of crude syrup. The syrup 
(3 .8  g . ) ,  pre-adsorbed on s ilic a  g e l, was chromatographed over 120.0 
g. of s ilic a  gel (ID of column, 4.7 cm.) with mixtures of petrol-CHCl3  
(40,50,60,70,80,90,100% ) followed by mixtures of CHC^-acetone 
(10,20,30,40,50,60,70,80,90,100% ) of increasing p o la r ity . Nineteen 
fra c tio n s , 100.0 ml. each, were collected and monitored by TLC.
Fraction 1-3 (~ 33 mg.) which was chromatographed by prep. TLC 
(s il ic a  g e l, 60% Et20/40% p e tro l, by v o l. ,  once) contained 56.
*S tir r in g  motor (cone d riv e , variable speed, Sargent-Welch S c ie n tific  
Company).
Fractions 1-4-6 were combined (454.8 m y.), preadsorbed onto 
s ilic a  gel and chromatographed over 20.0 g. of s i lic a  gel (ID of 
column, 1.5 cm.). The column was eluted with p e tro l, followed by 
petrol-Me2 C0  mixtures of increasing p o larity  (2 ,4 ,6 ,8 ,1 0 ,1 2 ,1 5 ,2 0 ,2 5 , 
30,40,50,100%). A to ta l of 22 frac tio n s , 20.0 ml. each, were 
collected and monitored by TLC. Fraction 6  (~ 40 mg.) which contained 
56 and 57 was chromatographed by prep. TLC (s il ic a  g e l, 60% petrol/40%  
Et2 0 , by v o l. ,  tw ice ). Fraction 7, 40.4 mg., was pure 56. Fractions 
8  and 9 were combined (~ 43 my.) and chromatographed by prep. TLC 
(s il ic a  gel, 60% petrol/40% Et2 0, by v o l.,  twice) to give 56. 
Fractions: 1-4-6; I 1-6; B -l and 1-4-6; 11-8,9; B-l were combined to  
give 13.5 my of pure 56 which was used to obtain spectroscopic data 
fo r structure e luc idation . Fraction 10, which was submitted fo r GC-MS 
analysis, contained a mixture of compounds. Fractions 12 and 13 were 
combined (~ 115 mg.) and chromatographed by prep. TLC (s il ic a  g e l, 60% 
Et20/40% p e tro l, by v o l. ,  twice) to give 20.5 mg. of pure 58 and 
impure 56. Compounds 56, 57 and 58 were isolated from fraction  14 
(~ 37 mg.) by prep. TLC (s il ic a  g e l, 80% Et2 0/20% hexane, by v o l. ,  
x3). Compound 57 was also isolated from fraction  15 (38.9 mg.) by 
prep. TLC (s il ic a  ge l, 90% Et2 0/10% p e tro l, by v o l. ,  tw ice ). A to ta l 
of 20.0 mg. of 57 was obtained from the various separations. Fraction 
17 (~ 22 my.) was chromatographed by prep. TLC [s il ic a  ye l, 
petrol/EtOAc (1 :1 ) ,  x3] to  give 6.9 mg. of 59 and 3.5 mg. of 60. 
Additional amounts of 59 (5 .4  mg.) and 60 (5 .1  my.) were isolated by 
prep. TLC [s il ic a  ge l, petrol/EtOAc (1 :1 ) , x3] from fraction  18 (21.7  
mg.). Fractions 20 and 21 also contained 60.
Fractions 1-8-9 were combined (600.0 mg.) and chromatographed
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over 20.0 g. of s ilic a  gel (10 of column, 1.5 cm.). The column was 
eluted with CHClg followed by mixtures of CHClg-EtOAc of increasing 
p o la rity  (3 ,6 ,9 ,12 ,15,20 ,30 ,40 ,50 ,100% ). A to ta l of 12 frac tio n s ,
40.0 ml. each, were collected and monitored by TLC. Fraction 1 
contained 56 and unknown phenolics. Fractions 4 (~ 107 mg.) and 5 (~
82 mg.) were chromatographed fu rther [s il ic a  g e l, petrol/EtOAc (1 :1 ),  
x3] to give 35.0 mg. of 61.
Fractions 1-10-13 were combined (~ 575 mg.), preadsorbed onto 
s ilic a  ge l, and chromatographed on a silanized column packed with 2 0 . 0  
g. of s i l ic a  gel (ID of column, 1.6 cm.). The column was eluted with 
mixtures of CgHg-MegCO of increasing po larity  (10 ,12 ,14 ,17 ,20 ,30 ,40 , 
50,60,80,100%). Seventeen frac tions , 40.0 ml. each, were collected  
and monitored by TLC.
(lS *:4R *:5S *:6S *)5-(3-H ydroxy-3-m ethyl-4 -pentenyl)-l,4 ,5 ,10- 
tetram ethylb icyclo-[4 .4 .0]dec-9-en-3yl acetate (5 6 ). C2 2 H3 5 O3 ; gum;
UV end absorption; IR cm"*: 3474 (0-H s tre tch , br,
hydroxyl group), 3086 (C-H stretch , o le f in ic ) ,  2965, 2875 (C-H 
stre tch , a lip h a tic ) , 1738 (C=0 s tretch , acetate group) 1453 (C-H 
asymmetric bending for Me group and CH2  scissoring), 978, 920 (C-H 
bending vibration for vinyl group), 856 (C-H bending fo r  
trisu b stitu ted  o le f in ) ;  CIMS data were obtained with HP 5985 mass
f
spectrometer with the following d is tribu tio n  of reagent gas ions: 
ammonia, 100: 38: 2 [NH4+ : (NH3 ) 2 H+: ( I ^ ^ H 4-] (probe) m/z  ̂ ( r e l .  
i n t . ) :  366 [M+NH4] + (8 6 .9 ), 349 [M+H]+ (7 .9 ) ,  348 [M]+ (2 7 .0 ), 331 
[M+H-H2 0 ]+ (1 0 .5 ), 271 [M+H-Ac0H-H2 0 ]+ (1 0 0 .0 ), 189 (1 5 .1 ), 95 (3 7 .6 );
EIMS (GC, HP 5985 mass spectrometer) m(z_ ( r e l .  in t . )  70 eV: 330 [M- 
H2 0 ]+ (0 .9 ) ,  270 [M-Ac0H-H2 0 ]+ (6 .4 ) ,  255 [M-Ac0H-H2 0-Me]+ (1 0 .1 ), 189
178
[M-AcOH-C']+ (3 2 .4 ), 187 (7 1 .7 ), 173 (3 0 .3 ), 162 [E-H9 0 ]+ (2 .0 ) ,  159
(1 7 .4 ), 145 (2 6 .6 ), 133 (3 0 .5 ), 121 (2 0 .8 ), 120 (2 8 .8 ), 119 (100 .0 ),
109 [E -A ']+ (2 6 .9 ), 108 [D ]+ (1 4 .1 ), 107 [D-H]+ (3 4 .9 ), 106 [D-2H]+
( 8 . 8 ) ,  105 [D-3H]+ (2 5 .2 ), 99 [C , ] + (1 .4 ) ,  95 [E -B ']+ (7 9 .2 ), 93
(2 5 .1 ), 91 (2 4 .4 ), 81 [C '-H 2 0 ]+ (4 8 .8 ), 71 [A ']+ (3 7 .0 ), 55 (3 2 .2 ), 43 
[CH3 ChO]+ (7 8 .8 ).
( IS * : 3R*:4R*:5R*:6 S *)5 - (3-Hydroxy-3-methy1-4-penteny1 )1 ,4 ,5 ,1 0 -  
tetramethy 1 - 8 -oxobi eye 1 o [4 .4 .0]dec-9-en-3yl acetate 
(57 ). C2 2 H3 4 O4 ; gum; UV nm (log e): 238 (3 .7 5 ); IR v ™ m cm"1:
3453 (0-H s tre tch , b r, hydroxyl), 3094 (C-H s tre tch , o le f in ic ) ,  2961,
2875 (C-H stre tch , a lip h a tic ) , 1736 (C=0 s tre tch , acetyl group), 1665 
(C=0 stre tch , a,B-unsaturated carbonyl m oiety), 1450 (C-H asymmetric 
bending for Me group and CH2  scissoring), 978, 920 (C-H bending 
vibration  for vinyl group), 853 (C-H bending for trisu b s titu te d  
o le f in ) ;  CIMS data were obtained with HP 5985 mass spectrometer with 
the following d is trib u tio n  of reagent gas ions: ammonia, 100:35:2 
[NH4 + : ( NH3 ) 2 H+ : ( NH3 ) 3 H]+ (probe) m/z ( r e l .  i n t . ) :  397 [M+(NH3 ) 2 H]+
(1 .1 ) ,  380 [M+NH4] + (4 2 .5 ), 363 [M+H]+ (3 1 .5 ), 362 [M]+ (1 2 .3 ), 345 
[M+H-H2 0 ]+ (100.0); EIMS (GC, HP 5985 mass spectrometer) m /z_ (re l. 
in t)  70 eV: 362 [M]+ (0 .9 ) ,  347 [M-Me]+ (0 .6 ) ,  344 [M-H2 0 ]+ (1 .3 ) ,  335 
[M-CH=CH2] + (0 .6 ) ,  302 [M-H2 0-CH3 C0+H]+ or [M-AcOH]+ (0 .7 ) ,  284 [M- 
H2 0-Ac0H]+ (1 .2 ) ,  263 [A]+ (5 .6 ) ,  162 [E-H2 0 ]+ (6 .7 ) ,
165 [E-Me]+ (4 .0 ) ,  161 (4 0 .6 ), 122 [D]+ (5 2 .7 ), 121 [D-H]+
(4 3 .7 ), 109 [E -C ']+ (4 7 .8 ), 95 [E -B ']+ (2 5 .1 ), 85 [B ']+ (3 .2 ) ,  81 
[A '-H 2 0 ]+ (3 4 .9 ), 71 [C ']+ (9 0 .8 ), 43 [CH3 C0]+ (100 .0 ).
( 1R*:6 S*:7S*:8S*)5-(3-Hydroxy-3-methy1-4-penteny1 )2 ,7 , 8 - t r i -  
m ethylbicyclo[4.4.0]dec-2-en-l-carboxylic acid (5 8 ). C2 qH3 2 03; gum;
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UV end absorption; IR vf i^ m cm”1: 3402 to 2625, br (0-Hmax r * max '
s tre tch , ac id ); 3378 (0-H s tre tch , hydroxyl group), 3094 (C-H stre tch ,
o le f in ic ) ,  2963, 2874 (C-H stre tch , a lip h a tic ) , 1690 (C=0 stre tch ,
ac id ); 1454 (C-H asymmetric bending vibration fo r Me group and CH2
scissoring); 959, 922 (C-H bending vibration fo r vinyl group), 839 (C-
H bending vibration fo r trisu b s titu te d  o le f in ) ;  CIMS data were
obtained with HP 5985 mass spectrometer with the following
d is trib u tio n  of reagent gas ions: ammonia, 100:38:2
[NH4 +:(NH3 ) 2 H+ :(NH3 ) 3 H+] m/z_ ( r e l .  in t . ) :  338 [M+NH4] + (5 3 .6 ), 321
[M+H]+ (3 5 .5 ), 320 [M]+ (1 0 0 .0 ), 303 [M+H-H2 0 ]+ (4 0 .3 ), 277 (4 5 .0 ),
275 [M-C02 H]+ (4 0 .3 ), 259 (8 2 .5 ), 257 [M-H2 0-C02 H]+ (8 2 .0 ), 176 [M-
C02 H -A ']+ (1 9 .9 ), 175 (2 8 .4 ), 173 (3 0 .3 ), 94 (4 9 .8 ); EIMS (GC, HP 5985
mass spectrometer) m/z  ̂ ( r e l . in t . )  70 eV: 303 [M-0H]+ (1 .2 ) ,  302 [M-
H2 0 ]+ (3 .0 ) ,  287 [M-H2 0-CH3] + (1 .9 ) ,  273 (1 9 .2 ), 257 [M-H2 0-C02 H]+
(2 5 .8 ), 221 [M -A ']+ (2 2 .5 ), 177 (2 4 .1 ), 175 (8 9 .2 ), 173 (5 6 .0 ), 161
(1 8 .3 ), 147 (2 3 .7 ), 145 (3 9 .1 ), 133 (2 4 .8 ), 131 (2 2 .9 ), 125 (9 .8 ) ,
124 (5 .2 ) ,  121 (7 1 .2 ), 119 (5 6 .9 ), 109 (4 4 .7 ), 107 (7 2 .6 ), 105
(1 0 0 .0 ), 96 (2 6 .2 ), 95 (5 4 .3 ), 93 (5 2 .9 ), 91 (5 9 .0 ), 83 (2 2 .7 ),
81 [A '-H 2 0 ]+ (7 6 .8 ), 79 (4 8 .9 ), 77 (2 6 .5 ), 71 [B ']+ (9 2 .7 ), 69 (3 3 .0 ),
67 (3 3 .3 ), 55 (5 4 .8 ), 43 (5 6 .9 ), 41 (3 6 .5 ).
4 ' ,5-D ihydroxy-3,3‘ ,5 * ,6,7-pentamethoxyflavone (5 9 ). C2 qH2 q09 ;
yellow so lid ; OV xUf0H nm: 272, 336; l H NMR (200 MHz, CDC13):  6  7.35 max **
(2H ,s ), 6 6.51 (1H ,S), 6  12.52 (1H, br s ) , 6  4 .01 , 3 .97, 3 .95, 3.93,
3.89 (15H, s ); EIMS (probe; HP 5985 mass spectrometer) m /z_ (re l. in t . )
70 eV: 404 [M]+ (1 0 0 .0 ), 403 [M-H]+ (3 1 .1 ), 389 [M-Me]+ (8 3 .2 ), 386 
[M-18]+ (9 .6 ) ,  376 [M-C0]+ (1 .6 ) ,  375 [M-HC0]+ ( 6 . 8 ) ,  361 [M-Me-C0]+
(1 4 .5 ), 208 [B1]+ (2 .0 ) ,  197 [A1 +H]+ (3 .8 ) ,  193 [t^ -M e]* (8 .2 ) ,
181 [A1 -Me]+ or [B9] + (2 1 .1 ), 168 [A1 -C0]+ (1 .3 ),1 5 3  [A.-COMe]*
' ' • 1  ' ' • t  ' ' • l  r' * A
(2 2 .5 ), 125 [A1 -COMe-CO]+ (5 .4 ) .
Casticin (6 0 ). C1 9 H1 8 08 ; yellow so lid ; UV nm: 258, 273
(sh ), 346; IR v ^ m cm”1: 3409 (0-H s tre tc h ), 1657 (carbonyl s tre tc h ), 
1593, 1531, 1512 (arpmatic C=C s tre tc h ); XH WR (400 MHz, CDC13) : 6  
7.73 (1H, dd, J_=8 . 8 , 1.9 Hz), 6  7.68 (1H, d, d?1.9 Hz), 6  6.97 (1H, d, 
J=8 . 8  Hz), 6 6.51 (1H, s ) , 6  5.72 and 12.59 (2H, br s ) , 6  3 .99 , 3 .96, 
3.92, 3.87 (12H, s ); EIMS (probe; HP 5985 mass spectrometer) m /z_ (re l. 
i n t . )  70 eV: 374 [M]+ (1 0 0 .0 ), 373 [M-H]+ (4 8 .9 ), 359 [M-Me]+ (5 4 .4 ),  
356 [M-18]+ (1 4 .6 ), 346 [M-C0]+ (1 .7 ) ,  345 [M-HC0]+ ( 6 . 6 ) ,  331 [M-Me- 
C0]+ (1 6 .4 ), 197 [A1 +H]+ (3 .2 ) ,  181 [A1 -Me]+ (1 1 .3 ), 178 [B1]+ (1 .6 ) ,  
168 [A1-C 0]+ (1 .0 ) ,  163 CB1 -Me]+ (7 .3 ) ,  153 [A1 -C0Me]+ (1 9 .2 ), 151 
[B2] + (2 3 .3 ), 125 [A1 -C0Me-C0]+ (5 .4 ) .
3 ‘ ,5 ,5 ‘ -T rihydroxy-3 ,4 ‘ , 6 , 7-tetramethoxyflavone (6 1 ). CjgH-^Og; 
yellow so lid ; UV nm: 272, 336; XH IHK (200 MHz, CDC13) : 6  7.32
(2H, s ) ,  6 6.50 (1H, s ) ,  6  12.35 (1H, br s ) , 6  4 .02 , 3 .94 , 3 .91 , 3.83 
(12H, s ); EIMS (probe; HP 5985 mass spectrometer) m/z_ ( r e l .  in t . )  70 
eV: 390 [M]+ (1 0 0 .0 ), 389 [M-H]+ (4 7 .9 ), 375 [M-Me]+ (5 3 .0 ), 372 [M- 
18]+ (1 2 .7 ), 362 [M-C0]+ (1 .7 ) ,  361 [M-HC0]+ (8 .3 ) ,  347 [M-Me-C0]+
(1 5 .6 ), 197 [A1 +H]+ ( 4 .3 ) ,  194 [ B ^  (2 .7 ) ,  181 [Ar Me]+ (2 6 .3 ), 179 
[B1 -Me]+ (1 1 .6 ), 168 [A1 -C0]+ (2 .7 ) ,  167 [B2] + (1 8 .4 ), 153 [A1-C0Me]+
(2 8 .8 ), 125 [A1 -C0Me-C0]+ (8 .1 ) .
Figure 2 -3 .  NMR spectrum of 57 a t  200 MHz in  CDCI3 a t  ambient tem perature.
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* Impurity from work up of prep. TLC p la te .
Figure  2 - 4 .  IWR spectrum o f  57 at 400 MHz in CDC13 at ambient tem perature.
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Figure 2 - 5 .  400 MHz COSY-45 (w ith N-type s e l e c t i o n )  spectrum o f  57 in
CDCI3 a t  ambient tem perature.
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Figure 2 -6 .  *H NMR spectrum o f  57 at 200 MHz in  CgDg at ambient tem perature.
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Figure 2 -7 .  Broadband (BB) and o ff -r e so n a n c e  decoupled sp ectra  of 57 at 5 0 .3  MHz in CDCl-j
a t  ambient tem perature.
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F igure 2 - 8 .  Broadband (BB) and DEPT sp e c tr a  o f  57 a t  5 0 .3  MHz in
CDCI3 a t  ambient tem perature.
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Figure 2 -9 .  IWR spectrum fo r  56 at 200 MHz in CDC13 a t  ambient tem perature.
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Figure 2 -1 0 .  NMR spectrum fo r  56 at 200 MHz in CgDg at ambient tem perature.
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Figure  2 -1 1 .  200 MHz COSY-45 (with N-type s e l e c t i o n )  spectrum* of
56 in  CDClj at ambient tem perature.
7 9 34 2 1 0
♦Fourier transformation yielded a spectrum with 3.1 Hz/pt d ig ita l 
resolution in each dimension. Other parameters were: F1=F2=1606.4 Hz, 
AQ=0.3 sec., NS=112. Chemical sh ifts  are given in ppm re la tiv e  to  
Me^Si.
Figure 2-12. Broadband (BB) and DEPT spectra of 56 at 50.3 MHz in  CDCI3 at ambient temperature.
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Figure 2 -1 3 .  *H NMR spectrum fo r  58 a t  200 MHz in CDCI3 a t  ambient tem perature.
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Figure 2-14
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*H NMR spectrum fo r  58 at 200 MHz in CgDg a t  ambient tem perature.
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♦Fourier transformation yielded a spectrum with 3.1 Hz/pt d ig ita l 
resolution in each dimension. Other parameters were 1602.6 Hz, AQ=0.3 
sec., NS=64. Chemical sh ifts  are given in ppm re la tiv e  to Me^Si.
Figure 2 -1 6 .  Broadband (BB) and o ff -r e so n a n c e  decoupled sp e c tr a  o f  58 a t  5 0 .3  MHz in CDCI3
a t ambient tem perature.
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Figure 2 -1 7 .  Broadband (BB) and DEPT sp ectra  o f  58 at 2 5 .3  MHz in CDC13 a t  ambient tem perature,
DEPT 0 = 90
DEPT 0  = 135
BB
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CHAPTER 3
CAPILLARY GAS-LIQUID CHROMATOGRAPHIC AND 
MASS SPECTRAL STUDIES OF SESQUITERPENE LACTONES
197
198
3 .1 .  In trod u ction
Terpenoids are a large and s tru c tu ra lly  diverse class of natural 
products. Sesquiterpene lactones represent a subgroup of 
sesquiterpenes (C^5 ) in which the isopropyl moiety at C-7 of a 
sesquiterpene has been oxidized with subsequent lactonization (e ith e r  
C-6 and C-7 or C-7 and C -8). Chemical investigations have shown that 
sesquiterpene lactones are widely d istributed in the Compositae 
fam ily70 and as a resu lt have been u tiliz e d  as chemotaxonomic 
markers. Moreover, they also exh ib it a wide range of biological 
a c tiv ite s  from in s e c tic id a l, fungicidal to dermatological and a n ti­
tumor a c t iv it ie s .7  ̂ The number of iso lated , naturally occurring 
sesquiterpene lactones has increased substantially over the last two 
decades as a result of th e ir  biological a c tiv it ie s  and th e ir  use as 
markers in plant systematics.7^
Sesquiterpenoids are formed via the mevalonate -  isopentyl 
pyrophosphate -  farnesyl (or -  nero lidy l) pyrophosphate pathway. 
Cyclization of e3E- farnesyl pyrophosphate results in the formation of
a cyclodecadiene intermediate which a fte r enzymatic oxidations gives a





The other major skeletal types of sesquiterpene lactones shown in 
Scheme 3-1 are derived from the germacradiene interm ediate. The 
germacranolides are fu rther subdivided into  four configurational types 
as shown in Figure 3-1.
germacrolide melampolide
heliangolide c is , a is -
germacranolide
Figure 3-1 . Configurational types of germacranolides.
3-2 . Application of C ap illary Gas-Liquid Chromatography to  
Sesquiterpene Lactones 
The separation of a complex mixture of sesquiterpene lactones in  
a plant extract cannot always be resolved by th in -la y e r  
chromatography. Thus we investigated the potential application of 
c ap illa ry  gas-liquid chromatography to a variety of skeletal types of 
sesquiterpene lactones (Figure 3 -2 ). The compounds were 
chromatographed on a DB-1 fused s i l ic a ,  cap illa ry  column and detected 
by flam e-ion ization . DB-1 is a m ethyl-silicone bonded phase and is  
sim ilar to a SE-30 phase which prim arily effects separation of 
constituents by th e ir  molecular weights. Retention times fo r the 
lactones were determined re la tiv e  to £',E'-farnesol and damsin (a


































Figure 3 -2 .  Continued
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pseudoguaianolide) using temperature programming. The results are 
presented in Tables 3-1 and 3-2, respectively. The data in Tables 3-1 
and 3-2 demonstrated that the higher the molecular weight of a 
compound, the greater the retention tim e. All of the sesquiterpenoids 
eluted a fte r  E, E -farnesol. Psilostachyins -A and -C were an 
exception amongst the f i r s t  fourteen compounds in Table 3-1 . These 
two compounds contain two lactonic rings and one carbocyclic ring , 
whereas the other compounds have two carbocyclic rings and one 
lactonic r in g . A s im ilar pattern was observed fo r the remaining 
compounds where cinerenin and melampodin B, dilactones, exhibited  
retention times based more on ring structure than molecular weight. 
Table 3-2 gives the retention times re la tiv e  to damsin. The same 
separation patterns were observed. Compounds 65, 66, 67, 68 
and 78 eluted e a r lie r  than damsin and thus had re la tiv e  retention  
times less than one. The retention times re la tiv e  to damsin fo r the 
terpenoids were then determined isotherm ally, the results being 
summarized in Table 3-3. The retention times fo r the lower molecular 
weight lactones were obtained at 190°C and the temperature was 
increased to 225°C fo r the higher molecular weight compounds in order 
to assure r e l ia b i l i t y  of the data. The results are in agreement with 
those in Table 3-2 with the exception of desacety lconfertiflo rin  
which, isotherm ally, eluted a fte r  parthenin rather than a fte r  
burrodin. Melampodinin A (MW 522) was not detected isotherm ally which 
was attribu ted  to broadening of the peak.
Thus cap illa ry  gas-liquid chromatography provides a useful method 
which can be u tiliz e d  fo r the separation of a mixture of sesquiterpene 
lactones of various skeletal types. In i t i a l l y ,  an extract should be
Table 3 -1 . Gas-liquid chromatographic re la tiv e  retention times of 
sesquiterpene lactones, expressed re la tiv e  to  Ea 
E -farneso l.





1 1 .13-Di hydrosantama r i n
11.13-Di hydroreynosi n
11 .13-Di hydroparthenoli de 
Damsin
Burrodin






































GLC were performed by temperature programming (9 b °-l m in., 15°C/min. 
to 285°C and hold) on DB-1 fused s ilic a  cap illa ry  column (15m x 0.25 
mm i . d . ,  0.25pm f i lm ) .
Table 3-2. Gas-liquid chromatographic re la tiv e  retention times of 
sesquiterpene lactones, expressed re la tiv e  to damsin





11 .13-Di hyd rosant ama r i n
11.13-Di hydroreynosi n







C o n fe rtiflo rin
Psilostachyin C
































GLC were performed by temperature programming (9 5 ° - l m in., 15°C/min. 
to 285°C and hold) on DB-1 fused s il ic a  cap illa ry  column (15m x 0.25 
mm i . d . ,  0.25pm f i lm ) .
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Table 3-3 . Gas-liquid chromatographic re la tiv e  retention times of 
sesquiterpene lactones, expressed re la tiv e  to damsin
M.W. Group Structural DB-1 
Number Number
Saussurea lactone
11 .13-Di hydro-a-cyclocostunol i de
11 .13-Di hydrosantamari n
11 .13-Dihydroreynosin






Desacety1conferti f 1ori n 
C o n fe rtiflo rin  
Psilostachyin C 









234 1 65 0.21
234 1 66 0.30
250 1 67 0.57
250 1 68 0.64
250 1 78 0.76
248 1 70 1.00
264 1 77 1.16
280 1 76 1.22
266 1 73 1.34
262 1 74 1.45
264 1 71 1.73
306 1 72 2.06
264 1 75 2.62
346 2 69 3.29
320 2 79 3.63
380 2 81 3.64
394 2 82 4.60
420 2 84 4.91
406 2 85 5.25
334 2 80 5.40
450 2 83 6.73
522 2 86 - - - -
GLC were performed isothermally on a DB-1 fused s ilic a  cap illa ry  
column (15m x 0.25 mm i . d . ,  0.25ym f i lm ) .
Group number:
1 Run at 190°C
2 Run at 225°C
run re la tiv e  to Es ff-farnesol or damsin using temperature programming 
to give re la tiv e  retention times which would correspond to an 
approximate mass range fo r a constituent and then isothermally fo r  
more accurate re la tiv e  retention time data.
3.3 Mass Spectral Studies of Sesquiterpene Lactones.
Mass spectrometry in  conjunction with other spectroscopic and 
chemical methods provide important data fo r structural elucidation of 
a compound. Mass spectral data can often y ie ld  not only a molecular 
weight but fragmentation patterns that are often diagnostic of certain  
fu n c tio n a litie s  and/or structural type. A variety of sesquiterpene 
lactones have been isolated with various degrees of substitu tion . 
Highly substituted sesquiterpene lactones containing hydroxyl, 
o le fin ic  and ester fu n c tio n a lities  do not always show a molecular ion 
in th e ir  mass spectra due to loss of water, re tro -D ie ls -A lder  
reactions and McLafferty rearrangements, respectively. Hence, i t  is
important to know the molecular weight. D erivatization  can be used
fo r compounds containing la b ile  hydrogens and carbonyl type compounds 
to obtain a molecular ion . Not many mass spectral studies 
(derivatized and underivatized) have been carried out on sesquiterpene 
lactones.74,75 yhe mass Spectra l data of the dg- and dg - 
trim ethyl s i ly l  (TMSi) ether derivatives fo r several sesquiterpene 
lactones containing one or two hydroxyl moieties are summarized in 
Table 3 -4 . S tru c tu ra lly , eudesmanolides, pseudoguaianolides and 
germacranolides are represented. The lactones displayed ions 
corresponding to the parent ion [M]+ and [M-Me]+ . Ions at m/z_ 73 and
147 result from the TMSi group where m/z_ 147 represents (Me^Si = 0+-
Si(Mejg- Cinerenin and melampodin A exhibited fragments which 
involved loss of th e ir  respective side chains. The ion of m/^ 237 
from cinerenin corresponded to  cleavage between C-2 and C-3 and C-7 
and C-8 a fte r  in i t ia l  loss of EtOH. The lower mass range fo r each 
compound was the same as its  corresponding electron impact mass 
spectrum. The lactones containing primary and secondary hydroxyl 
groups derivatized eas ily  but psilostachyin A, bearing a te r t ia ry  
hydroxy group, required heating fo r several hours neat in the 
d eriva tiza tio n  reagent (N -trim e th y ls ily lim id azo le ). The lim ita tio n  
with respect to molecular weight fo r th is  method could be seen with 
melampolidin which chromatographed well but its  d e riva tiv e , which 
increased the molecular weight by 72 a.m .u ., would not 
chromatograph. Melampodinin A (MW 522) would not chromotograph even 
in the underivatized form.
Compounds containing a keto group can be derivatized by forming 
methoximes. Methoxime (MOX) derivatives fo r four pseudoguaianolides 
were prepared according to the procedure (procedure A of the reference 
a r t ic le )  by Horning and co-workers.^® The mass spectral data are 
summarized in Table 3-5. The methoxime derivatives exhibited ions 
characteris tic  of the parent ion [M]+, [M-Me]+ , [M-MeO]+ , [M-MeO-Me]+ 
and [M-Me0-C0]+. The data fo r the deuterated MOX derivatives  
corroborated the above resu lts . I t  should be noted that [M-Me]+ 
corresponded to the loss of the C-14 or C-15 methyl group of the 
terpene skeleton and not the methyl group of the methoxime moiety as 
evidenced by the data in Table 3-5. The spectra fo r a l l  of the 
compounds also exhibited ions in the lower mass range which were the 
same as th e ir  corresponding electron impact mass spectral data.
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295, 279, 262 [H-TMS10H]*
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288, 262 [M-dgTHS10H]+ , 248.
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O ther 1ons c o n tin u e d
266 , 2 54 , 253 , 206 , 204 , 196, 189 [M-TMS10H-Me-C0]+ ,  147, 143
(9 .0 )  (1 3 .4 )  (1 2 .6 )  (9 .5 )  (8 .1 )  ( 7 .5 )  (1 1 .5 )  ( 9 .4 )  (3 6 .2 )
275 , 263 , 262 , 206 , 204 , 189 [M-dqTMS10H-Me-C0]+ ,  162
(4 .5 )  ( 5 .2 )  ( 5 .7 )  ( 6 .9 )  (6 .6 )  ( 9 .2 )  ( 9 .7 )
294 [M-CO] ,  266 , 249 , 206 , 189 [M-TMSiOH-Me-CO]+ , 147
(0 .6 )  ( 2 .8 )  (3 .8 )  (1 0 0 .0 )  ( 8 .0 )  (1 0 .0 )
303 [M -C 0 ]+ , 275 , 258 , 206 , 189 [M -d„-TMS10H-M e-C0]+ ,  162
(0 .6 )  ( 1 .5 )  (2 .1 )  (7 0 .9 )  (7 .4 )  3 ( 2 .8 )
287 , 277 , 261 , 249, 231 , 147






(1 2 .9 )
162
(3 .3 )
227 , 147 , 143 , 130
(3 9 .4 )  ( 7 .9 )  (3 1 .9 )  (2 2 .0 )
162
(3 .8 )
2 37 , 147 , 143
(7 .4 )  (2 4 .4 )  (1 3 .7 )
327 [M-EtOH-CO] 246 , 162
(2 1 .0 )  ( 2 .9 )  (3 .0 )
317 , 2 4 1 , 147
(4 .7 )  ( 9 .9 )  (2 .0 )
326, 2 50 , 219 , 162
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The deuterated methoxime -  trim ethyl s i ly l  ether derivative  for 
burrodin was prepared. The main ions corresponded to the parent ion 
[M]+ , [M-Me]+ , [M-MeO]+ and the TMSi radical ion (Table 3 -6 ). Other 
fragments were s im ilar to those in the electron impact mass spectrum 
of the underivatized compound.
Next, we studied the application of chemical ion ization  mass 
spectrometry to sesquiterpene lactones due to the lim ita tions the TMSi 
ether derivatives presented. Chemical ionization mass spectral data 
fo r the lactones were obtained via probe (d irec t exposure) analysis.
Table 3-7 summarizes the chemical ionization data, using ammonia 
(proton a f f in ity  of 207 kcal/mol£) as the reagent gas, for the 
following skeletal types: eudesmanolides, pseudoguaianolides, 
germacranolides and one elemanolide. The ionizing species are: NH4+ , 
(NHg^H4-, (NH3 ) 3 H+ and (NH3 ) 4 H+. The base peak in the spectrum for  
each of the compounds was [M+NH^]+. Compounds 65, 6 6 , 67, 6 8 ,
74, 75, 76, 77, 78, 79 and 84 exhibited an additional ion
MM MM MM MM MM MM
corresponding to [M+(NH3 ) 2 H]+. Furthermore, 67, 73 and 77 displayed 
an ion which was characteris tic  of th e ir  respective molecular 
weights. Melampolidin exhibited additional ions at m/ẑ  293 (12%), 282 
(14%) and 194 (11%) and melampodinin A displayed fu rther ions at m!z_
305 (20%) and 194 (30%).
Chemical ionization mass spectral analysis with deuterated 
ammonia (ND3 ) of compounds containing functional groups with 
exchangeable hydrogen (such as -OH, -NH2 » -C00H) w ill result in the 
exchange of the hydrogen fo r a deuterium .^ The base peak in the NH3  
chemical ionization spectrum was expected to increase by 4+X a.m.u. 
where X equals the number of exchangeable hydrogen and 4 is a result
Table 3 -6 .  d3-M0X, TMSi e th e r  d e r iv a t iv e  o f  burrodin ( 7 7 ) .
213
368 [M]+ (40.9)
353 [M-Me]+ (19 .8)
334 [M-CD30 ]+ (26 .7 )
319 [M-CD30-Me]+ (1 .2 )
73 TMSi (100.0)
147 (Me)2Si=5-Si(M e)2 (10.3)
Other ions:
263 (13 .3)
244 (20 .0 )
217 (31 .0)
198 (4 .7 )
of ND4+ (22 a.m .u.) re la tiv e  to NH4+ (18 a .m .u .). The mass spectral 
data are summarized in Table 3-7 . The data showed that the base peak 
fo r each of the lactones corresponded to  [M+ND4] + and subtraction of 
22 a.m.u. (ND4+) and the molecular weight of each compound from the 
[M+ND4] + ion was expected to give the number of exchangeable hydrogen 
(X ). The number of exchangeable hydrogen is shown in the last column 
of Table 3 -7 . Compounds 65, 67, 68, 76, 77 and 79 also exhibited an 
ion corresponding to [M+CNDg^D]* which also demonstrated that 67,
68, 76, 77 and 79 contain one active hydrogen each (s p e c if ic a lly , a
(s/% /s/s /m/s. *
hydroxyl fu n c tio n a lity ). S lig h tly  d iffe re n t pressures were used for 
the ammonia (0.55 Torr) and the deuterated ammonia (0.40 Torr) 
reagents in order to produce sim ilar d is tribu tio n  of equivalent 
reagent gas ions.
F in a lly , chemical ion ization  mass spectrometry was applied using 
methane as the reagent gas ion, to the sesquiterpene lactones used in 
the ammonia chemical ion ization  mass spectral studies. The ionizing  
species fo r methane are CH5+, C2 H5 + and C3 H5 +. This results in the 
formation of alkyl adduct ions. These ions confirm the molecular mass 
which is indicated by the [M+H]+ ion. The re la tiv e ly  high proton 
a f f in i ty  of methane (127 kcal/mole) is generally energetic enough to 
induce additional fragmentations. A [M+H-I^O]* ion is often the base 
peak in the spectrum for compounds containing a la b ile  hydroxyl 
group. The data are presented in Table 3-8 and indicate that the base 
peak fo r compounds 67, 68, 73, 74 and 76, a ll  of which contain at
• /S/S /S/S /S/S /S/S M/S
least one hydroxyl group, is  [M+H-H20]+. Compounds with higher 
molecular weight exhibited a base peak corresponding to the loss of 
the ester side chain (SC) by a McLafferty rearrangement, even though
Table 3-7. Chemical Ionization data using NH3 and ND3 as reagent gases.
Ammonia D e u te ra te d  Number o f
Ammonia Exchangeable 
Hydrogen
Base Peak Base Peak
Compound MU M + NH4 M ■«- ND4
Saussurea la c to n e  (6 5 ) 234 252 256 0
1 1 ,1 3 -D 1 h y d ro -a -c y c l0 - 234 252 256 0
c o s tu n o lld e  (6 6 )
1 1 ,1 3 -D lh y d ro s a n ta m a rin  (6 7 ) 250 268 273 1
1 1 ,1 3 -D ih y d ro re y n o s ln  (6 8 ) 250 268 273 1
Damsin (7 0 ) 248 266 270 0
C o n fe r t1 f lo r1 n  (72 ) 306 324 328 0
A m b ro s lo l (73 ) 266 284 290 2
P a rth e n ln  (74 ) 262 280 285 1
P s ilo s ta c h y in  C (7 5 ) 264 282 286 0
P s ilo s ta c h y in  A (76 ) 280 298 303 1
B u rro d ln  (77 ) 264 282 287 1
1 1 ,1 3 -D ih y d ro p a r th e n o lld e  (7 8 ) 250 268 272 0
C in e re n in  (79 ) 320 338 343 1
M e la m p o lid in  (8 3 ) 450 468 473 1
Melampodin A (84 ) 420 438 443 1
M elam pod ln ln  A (86 ) 522 540 545 1
a ll of these compounds contained a hydroxyl group. The base peaks fo r  
melampolidin (m/^ 275), melampodin A (m/£ 305) and melampodinin A (m/£ 
347) were attribu ted  to [MH-SC-H]+, i . e .  loss of th e ir  respective side 
chains (SC) attached to C-8 via a McLafferty rearrangement. 
C o n fe rtiflo rin  exhibited a re la tiv e ly  strong [M+H]+ ion (55%) but the 
base peak corresponded to  loss of the acetyl group, i . e .  [MH-AcOH]+ . 
Cinerenin showed ions of high in tensity  corresponding to [M+H]+ (71%), 
[M+H-H20 ]+ (55%), [MH-EtOH]+ (77%) and a base peak at m/£ 259. 
Ambrosiol, which contains two hydroxyl groups, gave a base peak 
corresponding to [M+H-H20 ]+ and another ion of high abundance at m/z_ 
231, ind icative  of [M+H-2HoU]+ ion. Compounds 65, 66 and 75 exhibited  
base peaks corresponding to [M+H]+ since they were lacking in a 
hydroxyl group. Damsin showed a re la tiv e  abundance of 98% for [M+H]+ 
(m/z_ 249) and 100% for [M+H-H20 ]+ (m/z  ̂ 231) which suggested that the 
loss of 18 a.m.u. is derived from the keto group at C-4. Furthermore, 
the base peak (m/£ 233) fo r 11,13-dihydroparthenolide resulted from a 
loss of 17 a.m.u. which indicated the opening of the epoxide ring and 
subsequent cleavage. Burrodin which contains a hydroxyl group at C-2 
and a keto group at C-4 gave a base peak corresponding to [M+H]+ and a 
[M+H-H20 ]+ ion at m/^ 247 (46%). Most of the sesquiterpenoids 
containing a hydroxyl moiety also showed a fragment corresponding to  
[M+C2Hb-H20 ]+. Some of the lactones exhibited an [M-H]+ ion as shown 
in the ta b le . Other ions were observed fo r the lactones which 
corresponded to the same ions in th e ir  respective electron impact mass 
spectra.
Hence, chemical ionization mass spectrometry using ammonia is an 
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sesquiterpene lactones of various skeletal types. Furthermore, 
deuterated ammonia, chemical ionization mass spectral data w ill not 
only provide the molecular weight fo r the sesquiterpenoid but equally 
important i t  w ill ascertain i f  functional groups with exchangeable 
hydrogen are present. The use of NH3  and ND3  chemical ionization mass 
spectrometry is recommended over d eriva tiza tio n  methods. In add ition , 
chemical ionization mass spectrometry using methane as the reagent gas' 
w ill also corroborate the molecular weight and often provide 
additional fragments.
3.4 Experimental
Specifications fo r the Application of Gas-Liquid Chromatography to  
Sesquiterpene Lactones
Sesquiterpene lactones were analyzed by gas-liquid chromatography 
(6 LC) in a Shimadzu Model GC-9A gas chromatograph f it te d  with a flame 
ionization detector and a 15 m. x 0.25 mm i . d . ,  J&W S c ie n tific  UB-1 
fused s ilic a  cap illa ry  column (0.25 pm f i lm ) .  Quantification was 
obtained by use of a Shimadzu Model C-R3A chromatopac, recording 
in teg ra to r. Samples (~ 2 pg each) were in jected using a s p lit  ra tio  
of 99:1.
Preparation of TMSi Ether Derivatives and MOX Derivatives
Mass spectra were obtained with a Hewlett Packard (HP) 5985 Mass 
Spectrometer equipped with a HP 5840A gas chromatograph. Electron 
impact spectra were performed using an ionizing voltage of 70 eV and a 
source block temperature of 200°C.
Electron impact spectra for the sesquiterpene lactones were 
collected from m/z 35 to 440 (compounds 65, 66, 70, 72, 73, 74,
75, 78) or m/z_ 35 to 500 (compounds 67, 68, 76, 77, 79, 83, 84) with a 
scan cycle time of 1.0 sec. or 1.2 sec., respectively. The samples 
were in jected sp litle s s  onto an 0V-1 fused s ilic a  cap illa ry  column 
(30m x 0.25mm i . d . ,  0.2y f i lm , A lltech Associates, In c .) using 
temperature programming and an in jection  port temperature of 250°C.
The trim ethyl s i ly l  (TMSi) ether derivatives of the sesquiterpene 
lactones were prepared by using N -(trim eth y ls ily l)im id azo le  (Aldrich  
Chemical Co.) in deriva tiza tion  grade pyridine (Regis Chemical Co.) 
fo r 30 minutes at room temperature in a reaction v ia l (s ilic o n /te flo n  
septum). The samples were analyzed by GC-MS without further  
p u rific a tio n . The samples were injected sp litle s s  or s p lit  (50/1) 
in to  the 0V-1 bonded phase column, using an in jection  port temperature 
of 250°C and temperature programming.
Electron impact spectra were recorded from m/z_ 35 to 500 with a 
scan cycle time of 1.2 sec. S im ila rly , the deuterated TMSi ether 
derivatives were prepared from d e u te ro -re g is il-d j8 {CF3-C (0)-N - 
[Si(CD3) 3] 2 , Regis Chemical Co.} in pyridine fo r 30 min. at 45°C. The 
samples were injected s p litle s s  onto a 0V-1 cross-linked cap illa ry  
column (10m x 0.2mm i . d . ,  0.32y f ilm , Hewlett Packard) using 
temperature programming and an in jection  port temperature of 250°C.
The electron impact spectra were recorded from m/z_ 35 to 440 with a 
scan cycle time of 1.0 sec. The electron impact mass spectrum for the 
melampodin A (84) derivative  was obtained from m/z_35 to 600 with a 
scan cycle time of 1.4 sec.
The dg- and d3-methoxime derivatives were prepared according to
the procedure of Horning and co-workers.76 The trid eu te ro - 
methoxylamine hydrochloride was purchased from Regis Chemical Co. and 
the solution of 2% methoxylamine hydrochloride in pyridine was 
purchased from Pierce Chemical Co. The derivatives were analyzed by 
GC-MS. The samples were injected s p litless  onto the OV-1, cross- 
linked c ap illa ry  column using an in jection  port temperature of 250°C 
and temperature programming. Electron impact spectra were collected  
from m/z_ 35 to 440 with a scan cycle time of 1.0 sec.
The TMSi-methoxime (d3) derivative  for burrodin (77) was prepared 
in the follow ing way: f i r s t ,  the trideuteromethoxime derivative  was 
obtained as described above. Then the aliquot was divided in half and 
placed in reaction v ia ls . MSTFA [N -m eth y l-N -(trim e th y ls ily l) -  
triflouroacetam ides, Aldrich Chemical Co.] was added in one via l and 
T r i-S il  'TBT* [N -(tr im e th y ls ily l)im id a zo le , N ,0 -b is (tr im e th y ls ily l) -  
acetamide, MegSiCl; 3:3:2 by v o l.;  Pierce Chemical Co.] to the other 
v ia l .  The v ia ls  were heated fo r 10 min. at 60°C. The derivatives  
were injected without fu rth er p u rifica tio n  onto the OV-1 bonded phase 
c ap illa ry  column (s p lit le s s , in jection  port temperature of 250°C, 
temperature programming). The electron impact spectra were recorded 
from m/ẑ  35 to 440 with a scan cycle time of 1.0 sec.
Specifications fo r Chemical Ionization Mass Spectrometry
Mass spectra were obtained with a Finnigan Model 4510 mass 
spectrometer equipped with a d irec t exposure probe and an Incos data 
system. Electron impact, 70 eV, spectra were collected from m/z  ̂ 50 to 
550 with a scan cycle time of 1.0 second and a source block 
temperature of 150°C. The probe t ip  was heated at a rate of 10
ma/sec.
Chemical ion ization  spectra were obtained over a mass range of 
m/z 160 to 600 with a scan cycle time of 0.38 seconds. The sample 
probe t ip  was heated at a current rate of 100 ma/sec and the source 
block temperature was maintained at 120°C. The d is trib u tio n  of 
reagent gas ions was: Methane, 100:88:15 (CHg+ : C2Hg+: C3H5+);  
ammonia, 100:79:53.2 [NH4+ :(NH3)2H+:(NH3) 3H+ :(NH3)4H+];  deuterated 
ammonia, 100:83:53:2 [ND4+:(ND3) 2D+ :(ND3) 3D+:(ND3)4D+] .
Samples were dissolved in the solvent of choice to a 
concentration of 100 n g /p l. One ha lf pi (2x0.25 pi) of the sample 
solution was deposited onto the rhenium wire loop of the d irec t 
exposure probe and the solvent removed by evaporation.
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APPENDIX I
XH NMR SPECTRA FOR THE CRUDE EXTRACTS OF THE 
SPECIES OF ASTER USED FOR PHYTOCHEMICAL SCREENING 
fre fe r to Table 1-18)
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Figure 1 -3 1 .  NMR spectrum o f th e  crude syrup o f  A. adnatus (CDCI3 , ambient tem p era tu re) .
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Figure 1 -3 2 .  *H NMR spectrum o f th e  crude MeOH e x tr a c t  of A. adnatus (DMSO-dg, ambient tem perature) .




Figure 1 -3 3 .  NMR spectrum o f the  crude CHCI3 e x t r a c t  of  con co lor  (CDCTg, ambient tem perature) .
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Figure 1 -3 4 .  NMR spectrum o f  th e  crude MeOH e x tr a c t  of A. con co lor  (DMSO-dg, ambient tem p era tu re) .
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Figure 1 -3 5 .  NMR spectrum o f  th e  crude hexane e x tr a c t  o f  A. dumosus x l a t e r i f l o r u s  (CDCU.
ambient tem perature) .
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Figure 1 -3 6 .  NMR spectrum o f  th e  crude DCM e x tr a c t  o f  A. dumosus x l a t e r i f l o r u s  (CDCI3 ,





Figure 1 -3 7 .  NMR spectrum of the  crude EtOAc e x tr a c t  o f  A. dumosus x l a t e r i f l o r u s  (CDCI3 ,

















Figure 1 -3 8 .  Hi NMR spectrum o f  th e  crude MeOH e x tr a c t  o f  A. dumosus x l a t e r i f l o r u s  (DMSO-dg,
ambient tem perature) .
~i— 
3060
T T - r~ 
4.0














Figure 1-39. *H NMR spectrum of the crude petroleum ether ex trac t of A. la te r if lo ru s  (COCI3 ,
ambient temperature).
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Figure 1 -4 1 .  NMR spectrum o f the  crude MeOH e x tr a c t  o f  A. l a t e r i f l o r u s  (DMSO-dg,
ambient tem perature) .
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Figure  1 -4 2 .  XH NMR spectrum of th e  crude petroleum e th er  e x tr a c t  o f  A. l a t e r i f l o r u s  (CDC1















F igure 1 -4 3 .  NMR spectrum of th e  crude DCM e x tr a c t  o f  A. l a t e r i f l o r u s  (CDCI3 , ambient tem perature) .
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Figure 1 -4 4 .  NMR spectrum of th e  crude MeOH e x tr a c t  o f  A. l a t e r i f l o r u s  (DMSO-dg,
ambient tem p era tu re) .
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F igure  1 -4 5 .  1H NMR spectrum o f  th e  crude CHCI3 e x t r a c t  o f  A. patens (CDC13 , ambient tem perature) .
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Figure 1 -4 6 .  NMR spectrum o f th e  crude MeOH e x tr a c t  o f  A. patens (DMSO-dg, ambient tem p era tu re) .
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Figure 1 -4 7 .  *H NMR spectrum o f  th e  crude hexane e x tr a c t  o f  A. p r a ea ltu s  (CDCI3 , ambient tem perature) .
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Figure 1-4 8 .  NMR spectrum o f  th e  crude DCM e x tr a c t  o f  A. p r a ea ltu s  (CUCI3 , ambient tem p era tu re) .
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Figure 1 -4 9 .  NMR spectrum o f  th e  crude EtOAc e x tr a c t  of A. p r a ea ltu s  (CDCl^, ambient tem perature) .
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Figure 1 -5 0 .  NMR spectrum o f  th e  crude MeOH e x tr a c t  o f  A. p r a ea ltu s  (DMSO-dg, ambient tem perature) .
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Figure 1 -5 2 .  *H NMR spectrum o f  the  crude petroleum e th e r  e x tr a c t  o f  A. sp inosu s (CDCl^,
ambient tem perature) .
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F ig u re  1 -5 3 .  *H NMR spectrum o f  th e  crude DCM e x tr a c t  o f  A ster
sp in osu s  (CDCI3 ambient tem perature) .
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Figure 1 -5 4 .  NMR spectrum o f  th e  crude MeOH e x tr a c t  of A. sp inosu s (DMSO-d^, ambient tem perature) .
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Figure 1-55. AH NMR spectrum of the crude hexane extract 
(CDCI3 , ambient temperature).
of A. subulatus var. ligulatus
T
7 .0  6 .0  5 .0  4 .0  3 .0  2 .0  1 0  0 .0
hO
CJlIN>
Figure 1 -5 6 .  NMR spectrum o f th e  crude DCM e x tr a c t  o f  A. sub u la tus  v a r .  l i g u l a t u s  (CDCI3 ,
ambient tem perature) .
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F igure  1 -5 8 .  Hi NMR spectrum of th e  crude MeOH e x tr a c t  of A. sub ulatus  v a r .  l i g u la t u s
(DMSO-dg, ambient tem perature) .
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Figure 1 -5 9 .  AH NMR spectrum o f th e  crude e x tr a c t  o f  th e  roo ts  o f  A. su b u la tu s  v a r .  l i g u l a t u s ,
















Figure 1 -6 0 .  *H NMR spectrum o f  th e  crude petroleum e th e r  e x tr a c t  o f  A. t e n u i f o l i u s  (CDCI3 ,
ambient tem perature) .
7.0 6.0 0.04.0 3.0 2.0 1.05.0
r\5cno>
Figure 1 -6 1 .  *H NMR spectrum o f  th e  crude DCM e x tr a c t  of A. t e n u i f o i i u s  (CDCI3 , ambient tem perature).
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Figure 1 -6 2 .  NMR spectrum of th e  crude MeOH e x tr a c t  of A_. t e n u i f o l i u s  (DMSO-dg,
ambient tem p era tu re) .
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F igure 1 -6 3 .  NMR spectrum o f  th e  crude petroleum e th er  e x tr a c t  of  £ .  um bellatus (COCI3 ,
ambient tem perature) .
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